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2-D  AND  3-D  OSCILLATING  WING  AERODYNAMICS  FOR  A RANGE  OF 
ANGLES  OF  ATTACK  INCLUDING  STALL 


R.  A.  Piziali* 
Ames  Research  Center 


SUMMARY 

A comprehensive  experimental  investigation  of  the 
pressure  distribution  over  a semispan  wing  undergoing 
pitching  motions  representative  of  a helicopter  rotor  blade 
was  conducted.  Testing  the  wing  in  the  nonrotating  condi- 
tion isolates  the  three-dimensional  (3-D)  blade  aerody- 
namic and  dynamic  stall  characteristics  from  the 
complications  of  the  rotor  blade  environment.  The  test  has 
generated  a very  complete,  detailed,  and  accurate  body  of 
data.  These  data  include  static  and  dynamic  pressure  dis- 
tributions, surface  flow  visualizations,  two-dimensional 
(2-D)  airfoil  data  from  the  same  model  and  installation, 
and  important  supporting  blockage  and  wall  pressure  dis- 
tributions. This  body  of  data  is  sufficiently  comprehensive 
and  accurate  that  it  can  be  used  for  the  validation  of  rotor 
blade  aerodynamic  models  over  a broad  range  of  the 
important  parameters  including  3-D  dynamic  stall.  This 
data  report  presents  all  the  cycle-averaged  lift,  drag,  and 
pitching  moment  coefficient  data  versus  angle  of  attack 
obtained  from  the  instantaneous  pressure  data  for  the  3-D 
wing  and  the  2-D  airfoil.  Also  presented  are  examples  of 
the  following:  cycle-to-cycle  variations  occurring  for 
incipient  or  lightly  stalled  conditions;  3-D  surface  flow 
visualizations;  supporting  blockage  and  wall  pressure 
distributions;  and  underlying  detailed  pressure  results. 

INTRODUCTION 

Dynamic  stall  produces  a significant  limitation  on  the 
operation  and  performance  of  rotorcraft  at  high  speed. 
Current  helicopter  rotor  computational  simulations  do  not 
accurately  predict  the  resulting  vibratory  loads  of  the  rotor 
blades.  The  aerodynamic  models  used  in  these  simulations 
to  represent  rotor  blades  must  accurately  predict  the  sec- 
tion aerodynamic  forces  and  moments  over  a wide  range 
of  reduced  frequencies,  angles  of  attack  including  deep 
stall,  flow  conditions  from  nearly  two-dimensional  (2-D) 
to  the  highly  three-dimensional  (3-D)  flow  near  the  tip, 
and  Mach  numbers  from  low  subsonic  to  those  approach  - 
ing  sonic.  Validations  of  these  aerodynamic  models  are 
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usually  made  on  the  basis  of  the  local  section  aerody- 
namic coefficients  over  the  above  range  of  rotor  blade 
operating  conditions.  The  source  of  any  resulting  discrep- 
ancies, and  thus  direction  for  improvement  of  the  models, 
cannot  be  determined  without  the  availability  of  the 
underlying  pressure  distributions  and  time  histories. 

While  there  have  been  experimental  investigations  of 
dynamic  stall  (e.g.,  refs.  1-3),  most  have  not  been  of  suf- 
ficient underlying  detail  and  scope,  particularly  within  one 
consistent  data  set,  to  validate  and  provide  direction  for 
development  and  improvement  of  the  aerodynamic 
models.  The  test  objective  was  to  produce  a data  base 
adequate  to  satisfy  this  requirement  over  a major  portion 
of  the  multiparameter  operating  environment. 

For  this  test,  a rectangular  semispan  wing  and  a 2-D 
configuration  of  the  same  installed  model  were  used  to 
obtain  both  static  and  dynamic  pressure  distributions,  sur- 
face flow  visualizations,  and  supporting  blockage  and 
wall  static  pressure  distributions.  To  encompass  the  range 
of  flow  states  encountered  by  rotor  blades,  a moderately 
high  aspect  ratio  of  10  (full  span)  was  selected  for  the 
wing.  Using  this  aspect  ratio  allowed  data  to  be  obtained 
in  relatively  2-D  flow  of  the  inboard  regions  and  in  the 
highly  3-D  flow  existing  over  the  outer  portions  and  near 
the  tip.  The  same  model  and  installation  obtained  the  2-D 
data  by  adding  an  outboard  splitter  plate  to  the  semispan 
wing  installation,  assuring  consistency  between  2-D  data 
and  3-D  data.  The  2-D  data,  useful  in  developing  aerody- 
namic computational  models,  are  also  required  to  calibrate 
some  of  the  semiempirical  models. 

These  data  were  taken  with  and  without  an  upper  sur- 
face leading  edge  boundary  layer  trip  (BL-trip)  installed. 
The  pressures  were  measured  at  100  locations  distributed 
over  9 span  stations.  The  dynamic  data  were  taken  for  a 
reduced  frequency  (v)  range  from  0.04  to  0.20  for  several 
amplitudes  of  pitch  oscillation  (Aa)  about  the  quarter 
chord  and  over  the  full  mean  angle  of  attack  (a)  range 
including  both  the  incipient  and  deep  stall  conditions.  The 
steady  data  presented  were  obtained  in  a quasi-steady 
manner  (i.e.,  by  very  slowly  changing  the  angle  of  attack) 
to  obtain  a very  fine  angle  of  attack  resolution  (256  points 
over  the  full  mean  angle  range).  Steady-state  data  were 
also  taken  to  confirm  negligible  unsteady  effects  in  the 
quasi-steady  data  and  to  document  the  chaotic  nature  of 
stall. 


Rather  than  attempt  to  apply  blockage  and  wind  tun- 
nel  wall  corrections  to  the  aerodynamic  data,  local  static 
pressure  measurements  were  made  about  the  wing  as 
described  in  the  Test  Procedures  section,  Steady  - 
Boundary  Value  Measurements.  Hence,  data  users  have 
the  option  of  applying  this  information  to  make  the  cor- 
rections of  their  choice.  Furthermore,  those  users  develop- 
ing theories  to  predict  the  aerodynamics  and  employing 
these  data  for  correlation  could  use  these  measurements  as 
boundary  conditions  for  the  computations. 

The  vertical  displacement,  cross  sectional  shape,  and 
velocity  defect  of  the  near  wing  wake  were  measured  for 
several  angles  of  attack  to  provide  the  potential  for  vali- 
dating the  wake  aspects  of  those  aerodynamic  models  uti- 
lizing a free  wake. 

The  instantaneous  stalled  upper  surface  flow  patterns 
were  obtained,  along  with  the  corresponding  instanta- 
neous pressure  distributions,  at  equally  spaced  pitch  cycle 
phase  angles  by  the  use  of  micro-tufts  for  a few  operating 
conditions.  Cycle-averaged  flow  patterns  were  also  taken 
at  the  same  phase  angles.  These  results  are  useful  in 
establishing  the  extent  of  the  separated  region  and  its 
variation  through  the  pitch  cycle.  They  also  document  the 
chaotic  variations  of  the  separated  surface  flow  about  the 
underlying  cycle-averaged  pattern  and  can  be  used  to 
validate  those  higher  ordered  models  yielding  similar 
patterns  and  variations. 

This  report  presents  a description  of  the  test,  observa- 
tions and  comments  concerning  the  data,  and  a com- 
pendium of  all  the  reduced  test  results  presented  as  lift 
(Ci).  drag  (Cd)  and  pitching  moment  (Cm)  coefficients 
versus  angle  of  attack.  The  list  of  figures  and  table  1 serve 
as  an  index  of  these  results  as  described  in  the  Data  Pre- 
sentation section  of  the  report. 

The  Test  Description  section  of  this  report  contains  a 
very  detailed  documentation  of  the  test  to  aid  in  answering 
any  questions  arising  about  the  data  and  their  reliability. 
The  Observations  and  Comments  section  presents  exam- 
ples of  the  cycle-to-cycle  variations  observed  to  occur  for 
incipient  or  lightly  stalled  conditions.  These  demonstrate 
the  chaotic  nature  of  the  separated  flow  (analogous  to 
fixed  wing  stall  buffeting)  over  a partially  stalled  wing  or 
airfoil  for  both  the  steady-state  and  dynamic  pitch  condi- 
tions. This  section  also  discusses  some  apparent  anoma- 
lies observed  in  the  data.  Presented  in  the  Basic  Data  Set 
are  the  cycle-averaged  lift,  drag,  and  pitching  moment 
coefficient  data  versus  angle  of  attack  obtained  for  each 
span  station  of  the  3-D  wing  and  for  the  2-D  airfoil. 

The  appendix  describes  the  archived  data  base  from 
which  the  reduced  results  presented  in  this  report  were 
obtained.  It  also  contains  examples  of  the  underlying  data 


detail  accessible  via  interactive  software.  This  data  base 
satisfies  the  objectives  of  this  effort:  first,  to  produce  a 
comprehensive,  consistent,  accurate  set  of  2-D  and  3-D 
static  and  dynamic  data  accessible  in  its  underlying  detail; 
second,  to  provide  the  overall  integrated  results  for  use  in 
validating  aerodynamic  computational  models  while  giv- 
ing direction  for  their  improvement.  The  scope  of  this  test 
effort  encompasses  a significant  portion  of  the  multi- 
parameter operating  environment  of  helicopter  rotor 
blades;  however,  the  important  higher  Mach  number  por- 
tion is  not  included  and  needs  to  be  documented  in  a simi  - 
lar  manner. 


NOMENCLATURE 


c 

wing  chord  length,  feet 

cd 

drag  coefficient,  section  drag/cq 

Cl 

lift  coefficient,  section  lift/cq 

Cm 

moment  coefficient,  section  moment/cq 

Cp 

pressure  coefficient,  pressure/q 

Mn 

Mach  number 

q 

free  stream  dynamic  pressure, 
—pV2,  psf 

Re 

Reynolds  number 

V 

test  section  freestream  velocity,  fps 

X 

distance  from  leading  edge,  chord 
lengths 

X 

distance  aft  from  wing  trailing  edge, 
chord  lengths 

y 

distance  outward  from  wing  root,  span 
lengths 

Symbols 

a 

wing  mean  angle  of  attack,  deg 

Aa 

pitch  oscillation  amplitude,  deg 

wing  instantaneous  angle  of  attack,  deg 

P 

air  density,  slugs/ft3 

GO 

pitch  oscillation  frequency,  radians/sec 

V 

reduced  frequency,  coc/2V 

TEST  DESCRIPTION 
Facility 

The  test  was  conducted  in  the  U.S.  Army  Aeroflight- 
dynamics  Directorate  7-  by  10- Foot  Subsonic  Wind  Tun- 
nel at  the  NASA  Ames  Research  Center. 
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Model 

Wing-  The  model  is  a 60.0  in.  semispan  wing  with  a 
12.0  in.  chord  (c),  a NACA  0015  airfoil  section,  and  zero 
twist.  This  wing  served  as  the  model  for  both  the  2-D  and 
3-D  testing  as  described  in  the  installation  subsection 
below.  A single  piece,  machined  out  of  aluminum,  and  an 
upper  surface  access  cover  plate  (fig.  1)  comprise  the 
wing  and  shaft.  The  wing  was  designed  to  have  its  lowest 
natural  frequency  well  above  the  highest  test  frequency  of 
20  Hz,  assuring  that  the  structural  dynamic  response 
would  be  negligible.  To  attain  this  objective,  a 15%  thick 
airfoil  for  increased  torsional  stiffness  and  outboard  wire 
supports  for  increased  bending  stiffness  were  used.  The 
measured  fundamental  natural  frequency  of  the  wing 
installed  in  the  test  section  is  58.1  Hz  for  a torsion  vibra- 
tion mode  with  some  bending. 

Tip  caps-  The  wing  was  tested  with  a round  tip  cap 
and  with  a square  tip  cap.  Each  of  these  tip  caps  extend 
beyond  the  60.0  in.  semispan  of  the  wing.  The  round  tip 
cap  is  1/2  of  a body  of  revolution  formed  by  rotating  the 
airfoil  section  profile  about  its  chordline  so  that  in  a front 
elevation  view  this  tip  cap  has  a semicircular  profile.  The 
square  tip  cap  is  a simple  spanwise  extension  (by  0.62  in.) 
of  the  wing  airfoil;  its  projected  planform  area  is  equal  to 
that  of  the  round  tip  cap  (i.e.,  7.40  in.2)  and  its  front  eleva- 
tion view  has  a rectangular  profile. 

Boundary  layer  trip  (BL-trip)-  The  wing  was 
tested  with  and  without  a leading  edge  upper  surface 
BL-trip  to  document  the  effect  of  a higher  effective 
Reynolds  number.  The  BL-trip  consisted  of  a spanwise 
row  of  triangular  shaped  pieces  of  tape,  0.003  in.  thick- 
ness. The  triangular  pieces,  each  side  approximately 
3/32  in.  long,  were  spaced  at  equal  intervals  of  about 
1/8  in.  and  located  3/16  in.  (measured  along  the  upper 
surface)  above  the  leading  edge  (i.e.,  at  about  0.5%  of  the 
chord)  as  shown  in  figure  2.  This  trip  was  experimentally 
determined  by  surface  oil  flow  studies  to  be  the  minimum 
disturbance  required  to  assure  consistent  laminar  to  turbu- 
lent transition  of  the  boundary  layer  and  elimination  of  the 
laminar  leading  edge  bubble  over  the  angle  of  attack 
range  of  the  test. 

Location  of  the  pressure  taps-  The  wing  was 
instrumented  with  100  pressure  transducers  located  at 
nine  spanwise  locations  selected  to  measure  (a)  the 
spanwise  load  distribution,  (b)  the  pressure  distribution 
about  the  highly  3-D  tip  region,  and  (c)  the  pressure  dis- 
tribution of  the  relatively  2-D  inboard  region  of  the  3-D 
wing.  The  locations  of  the  pressure  transducers  also 
allowed  the  wing  model  to  be  used  to  obtain  2-D  airfoil 
data. 

To  maximize  the  amount  of  pressure  information  col- 
lected within  a limited  number  of  available  data  channels, 
differential  pressure  transducers  were  used  at  three  span 


locations  where  the  absolute  pressures  were  of  less  impor- 
tance. Thus,  10  differential  pressure  transducers  were 
used  at  the  inboard  25%  span  station  and  at  the  intermedi- 
ate 80%  and  90%  span  stations.  Twenty  absolute  pressure 
transducers  were  used  at  the  midspan  47.5%  station  that 
also  served  as  the  2-D  data  station.  The  remaining 
50  absolute  pressure  transducers  were  distributed  over  the 
5 equally  spaced  span  stations  in  the  tip  region  (34  located 
on  the  upper  surface  and  16  on  the  lower  surface)  to 
define  the  pressure  field  in  this  highly  3-D  flow  region. 

On  the  upper  surface  of  this  tip  region,  30  of  these  trans- 
ducers were  positioned  to  provide  spanwise  slices  of  this 
pressure  field  at  6 chordwise  positions,  thereby  revealing 
the  chordwise  development  of  the  tip  vortex  spanwise 
pressure  field.  The  remaining  4 upper  surface  transducers 
were  distributed  at  the  98.6%  span  station  to  fill  in  the 
definition  of  the  chordwise  pressure  distribution  at  that  tip 
span  location.  A similar  strategy  was  used  for  the 
16  lower  surface  transducers  in  this  region.  The  locations 
of  all  the  pressure  transducers  are  presented  in  table  2,  and 
these  locations  are  shown  on  the  wing  outline  in  figure  3. 

Installation 

The  installation  of  the  model  for  the  2-D  and  3-D 
testing  is  shown  in  the  photos  of  figures  4—6  and 
described  in  the  following  sections. 

3-D  configuration—  The  wing  was  mounted  horizon- 
tally in  the  test  section  by  cantilevering  it  from  the  combi- 
nation of  test  section  wall  and  wall  boundary  layer  splitter 
plate,  shown  in  figure  4(a).  Use  of  the  splitter  plate 
eliminates  the  wind  tunnel  wall  boundary  layer.  To 
increase  the  installed  bending  frequency  of  the  wing,  an 
additional  wing  support  was  used  consisting  of  a crossed 
pair  of  floor  to  ceiling  streamlined  aircraft  flying  wires, 
shown  in  figures  4(a)  and  5.  These  wire  supports  were 
attached  to  the  wing  quarter  chord  at  the  70%  span  station 
via  a pitch  bearing  inside  the  wing,  shown  in  figure  6.  The 
supports  were  installed  at  20  deg  from  the  vertical  and  had 
an  elliptical  cross  section  measuring  0.087  in.  thick  and 
0.348  in.  long.  The  support  wire  attachment  to  the  wing 
was  sealed  to  prevent  leakage  between  the  upper  and 
lower  surfaces  and  had  a sliding  fairing  flush  with  the 
wing  surface.  The  cross  section  of  the  streamlined  wires 
caused  the  only  disturbance  to  the  flow.  Surface  oil  flow 
observations  provided  verification.  A pressure  seal  con- 
sisting of  a 22  in.  circular  disc  attached  to  the  wing  root 
and  centered  on  the  quarter  chord  with  a sliding  seal 
between  the  disc  and  the  splitter  plate  prevented  leakage 
at  the  junction  between  the  wing  and  the  splitter  plate. 

2-D  configuration-  A splitter  plate  and  wing  seal 
identical  to  the  wall  splitter  plate  were  added  to  the  3-D 
installation  at  the  wing  95%  span  location  to  obtain  the 
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2-D  configuration  (fig.  4(b)).  This  addition  allowed  the 
20  absolute  pressure  transducers  located  at  the  47.5% 
span  station  in  the  3-D  configuration,  now  located  at  the 
50%  span  station  in  the  2-D  configuration,  to  function  as 
the  primary  2-D  data  station. 

Oscillating  drive  mechanism-  The  pitch  drive  sys- 
tem provides  sinusoidal  pitching  motion  about  the  quarter 
chord  with  less  than  1.0%  kinematic  distortion  at  the  sec- 
ond harmonic.  The  pitch  oscillation  of  the  wing  was  gen- 
erated by  a crank  mechanism  consisting  of  a variable 
speed  feedback-controlled  DC  motor  driving  a flywheel 
and  crank  pin  (with  an  adjustable  offset  for  setting  the 
oscillating  amplitude),  a connecting  rod,  and  a pitch  arm 
attached  to  the  wing  shaft  at  the  quarter  chord.  Thus,  the 
frequency,  the  amplitude  of  oscillation,  and  the  mean 
angle  were  all  infinitely  adjustable  within  their  design 
ranges.  The  amplitude  of  oscillation  was  adjustable  from 
0.0  to  10.0  deg  and  mean  angle  adjustable  to  accommo- 
date instantaneous  angles  (ctj)  over  a 39  deg  range  from 
-12  deg  to  +27  deg. 

Splitter  plates  (2-D  and  3-D)-  The  wall  splitter  plate 
was  installed  1 foot  from  the  test  section  wall.  It  was 
0.5  in.  thick,  with  a NACA  0012  leading  edge,  and 
extended  from  the  floor  to  the  ceiling.  The  splitter  plate 
extended  from  3 chords  downstream  of  the  wing  trailing 
edge  to  1-1/2  chords  upstream  of  the  wing  leading  edge. 
Identical  to  the  wall  splitter  plate  and  installed  at  the  wing 
95%  span  location,  the  outboard  splitter  plate  was  used  to 
convert  the  3-D  configuration  to  the  2-D  configuration. 


Instrumentation 

Pressure  transducers—  State-of-the-art  miniature 
strain  gage  temperature-compensated  differential  pressure 
transducers  with  a pressure  range  of  ±10  psid  were  used. 
For  the  absolute  pressure  measurements,  the  reference 
side  of  these  differential  pressure  transducers  were  con- 
nected to  the  wind  tunnel  static  pressure.  The  design  natu- 
ral frequency  of  the  installed  pressure  transducers,  with 
wing  orifice  diameters  of  0.020  in.,  was  15  kHz. 

Three  of  the  transducers  failed  during  the  test  and 
have  been  deleted  from  the  data  results.  Two  of  the  failed 
transducers  were  at  span  location  0.475  and  one  was  at 
span  location  0.966.  These  are  noted  by  an  asterisk  in 
table  2. 

Angle  of  attack  - The  wing  angle  of  attack  was  mea- 
sured at  the  wing  root  by  a custom  designed  mechanism 
utilizing  a “fast  linear  displacement  transducer  installed 
in  the  splitter  plate  behind  the  wing  root  pressure  seal 
disc. 

Oscillation  frequency-  Frequency  of  oscillation  was 
obtained  from  the  pulse  rate  output  of  the  data  acquisition 


shaft  encoder  installed  on  the  motor/flywheel  shaft  of  the 
pitch  drive  system. 

Wing  temperature-  Thermocouples  were  used  to 
measure  the  temperature  of  the  wing  at  span  locations 
0.25  and  0.70. 

Wind  tunnel  operating  parameters  - Test  section 
static  and  total  pressures  were  obtained  from  a pitot-static 
probe  located  34  in.  ahead  of  the  wing  leading  edge,  36  in. 
outboard  of  the  wing  tip,  and  28  in.  above  the  wing  quar- 
ter chord. 

Wind  tunnel  “standard”  pressure  sensing  system  (its 
calibration  traceable  to  the  National  Bureau  of  Standards) 
measured  the  test  section  static  pressure.  The  vibrating 
quartz  crystal  absolute  pressure  transducer  system  with 
digital  output  and  a built-in  microprocessor  converts  the 
frequency  of  vibration  to  units  of  pressure.  Digital  output 
was  converted  to  analog  by  a D/A  converter,  enabling  the 
static  pressure  to  be  recorded  as  instantaneous  dynamic 
data. 

The  test  section  dynamic  pressure  was  determined 
from  the  difference  between  the  static  and  total  pressures 
using  a capacitive  type  differential  pressure  transducer. 

The  test  section  total  temperature  was  obtained  with  a 
thermocouple  located  in  the  wind  tunnel  settling  chamber. 

Data  Acquisition 

Hardware- The  automated  data  acquisition  system 
had  64  channels  for  analog  dynamic  data  and  6 channels 
for  static  data.  Each  dynamic  channel  consisted  of  signal 
conditioning,  a sample  and  hold  amplifier,  and  an  analog 
to  digital  converter,  all  under  the  control  of  a large  main- 
frame digital  computer.  A 1 and  256  pulse/rev  shaft 
encoder,  mounted  on  the  motor/fly  wheel  shaft  of  the  wing 
pitch  drive  system,  supplied  the  timing  and  rate  for  the 
acquisition  of  the  dynamic  data.  Each  of  the  static  data 
channels  utilized  an  off-the-shelf  individual  transducer-to- 
computer  interface  module  that  applied  the  appropriate 
calibration  factor  and  supplied  a digital  output.  The  test 
engineer  controlled  this  data  acquisition  system  with 
menu-driven  software  via  a computer  terminal. 

Dynamic  data  acquired—  The  dynamic  data,  consist- 
ing of  the  100  pressure  transducers  on  the  wing,  had  to  be 
acquired  in  2 groups  (A  and  B as  described  under  Data 
Acquisition  Process)  of  50  channels  plus  2 duplicate  pres- 
sure channels.  In  addition  to  these  52  channels  of  wing 
dynamic  pressure  data,  each  group  also  contained  the  fol- 
lowing dynamic  data: 

Test  section  static  pressure 
Test  section  dynamic  pressure 
Angle  of  attack 

Torsion  strain  gage  at  wing  root 
Torsion  strain  gage  on  wing  pitch  shaft 
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A strain  gage  on  each  of  the  four  support  wires 
Static  data  acquired-  The  static  data  consisted  of 
the  following  data: 

Shaft  encoder  pulse  rate  for  frequency  evaluation 
Test  section  total  temperature 
Temperature  of  the  wing  at  25%  span 
Temperature  of  the  wing  at  70%  span 
48  scani-valve  static  pressures  from  wake  or  walls 
Group  A/B  data  switch  position 
Data  acquisition  process-  Each  data  run,  consisting 
of  a number  of  data  points,  is  preceded  and  followed  by 
the  acquisition  of  wind-off  “zeros”  for  all  channels. 

A data  point  consists  of  a number  of  repeated  data 
acquisition  sequences  allowing  for  evaluation  of  average 
results.  Each  individual  data  acquisition  sequence  begins 
with  the  static  data,  follows  with  the  dynamic  data,  and 
concludes  with  the  static  data  again.  Thus,  a data  point 
with  20  repeats  (or  20  cycles,  in  the  case  of  pitching  data) 
has  20  sets  of  dynamic  data  and  21  sets  of  static  data. 

Because  there  were  more  data  channels  to  acquire 
than  the  64  available  data  acquisition  channels,  the 
dynamic  data  for  each  data  acquisition  sequence  were 
acquired  in  2 sequential  groups,  A and  B.  The  group-A 
data  consist  of  all  50  pressure  transducers  at  the  spanwise 
locations  of  0.25,  0.475,  0.80,  and  0.90.  In  addition,  the 
duplication  of  2 transducers  from  the  group-B  data  serves 
as  a check  of  consistency  between  these  2 groups  of  data. 
The  B-group  data  consist  of  the  remaining  50  pressure 
transducers  located  in  the  tip  region  (outboard  from  span 
location  0.957).  The  duplication  of  2 transducers  from  the 
group-A  data  serves  as  an  additional  consistency  check 
between  the  groups  of  data.  Thus,  4 duplicate  channels 
exist,  2 in  each  group,  to  check  the  consistency  of  the 

2 data  groups,  for  a total  of  52  wing  dynamic  pressure 
channels  in  each  group. 

Three  types  of  tests  were  conducted  with  the  2-D  and 
3-D  configurations  of  the  model,  the  pitch  oscillation  test, 
the  quasi-steady  test,  and  the  steady-state  test.  The  data 
acquisition  process  for  each  is  as  follows. 

Pitch  oscillation  test:  For  these  data  points,  20  cycles 
(i.e.,  20  repeated  data  sequences)  were  acquired.  Each  of 
these  repeats  is  1 cycle  of  256  samples  of  dynamic  data. 
Because  the  dynamic  data  are  acquired  in  2 groups  as 
described  above,  the  cycles  of  data  are  not  contiguous,  but 
rather  a collection  of  individual  cycles  automatically 
acquired  from  the  continuous  stream  of  data.  The  sam- 
pling rate  is  proportional  to  the  frequency  of  oscillation 
for  the  pitch  oscillation  test  data  because  the  number  of 
samples  per  cycle  is  constant  (i.e.,  256). 

Steady-state  test:  These  data  points  consist  of 

3 repeated  data  sequences  of  1 2 sec  duration  per 
sequence.  Each  sequence  contains  256  samples,  resulting 
in  36  seconds  of  data  and  a sampling  rate  of  about 

21  samples  per  sec. 


Quasi-steady  test:  These  data  points  are  actually 
pitch  oscillation  test  data  where  the  oscillation  frequency 
is  set  very  low,  at  1 cycle  per  minute,  and  generally  only 
1 cycle  of  data  is  acquired.  A few  quasi-steady  data  points 
were  acquired  for  2 cycles  to  access  repeatability.  This 
allows  the  acquisition  of  instantaneous  pressure  data  at 
256  closely  spaced  angles  of  attack  over  the  range  from  0 
to  20  deg. 

Filtering-  All  the  dynamic  data  passed  through  low 
pass  filters  set  at  500  Hz  for  the  pitch  oscillation  test  data 
and  10  Hz  for  the  quasi-steady  test  and  steady-state  test 
data. 

Data  storage-  The  raw  data  acquired  for  each  data 
point  were  stored  on  optical  disks  as  a collection  of  indi- 
vidual unformatted  files.  These  raw  data  are  the  archived 
data  base  (described  in  the  appendix)  from  which  the 
reduced  data  presented  in  the  report  were  derived.  The 
reduced  data  of  this  report  and  the  cycle-averaged  pres- 
sures from  which  they  were  obtained  are  also  archived 
with  the  raw  data. 

Acquisition  software-  The  menu-driven  data  acqui- 
sition software  controlled  the  data  acquisition  process,  the 
calibration  of  the  pressure  transducers,  and  the  recording 
of  zeros  and  gain  calibrations.  This  software  also  allowed 
the  test  engineer  to  reduce  and  plot  online  the  results  of 
the  current  data  point  at  any  level  of  detail  desired  prior  to 
accepting  it  or  to  view  any  prior  data  point  in  a similar 
manner.  For  example,  it  is  possible  to  plot  anything  from 
one  of  the  single  repeat  cycles  of  an  individual  data  chan- 
nel to  the  average,  over  all  cycles,  of  the  integrated  aero- 
dynamic coefficients  at  each  spanwise  location. 

Data  Reduction 

The  zero  drift  with  temperature  for  some  of  the  pres- 
sure transducers  exceeded  the  transducer  specifications. 
Therefore,  a linear  interpolation  is  utilized  to  apply  a 
temperature  correction  to  all  the  transducer  zeros  by  using 
the  model  temperature  at  each  data  point,  the  beginning 
and  end  zeros,  and  the  model  temperature  at  each  zero. 

This  procedure  minimizes  the  zero  drift  problem.  The 
instantaneous  pressure  coefficients,  Cp,  are  then  evaluated 
using  the  instantaneous  value  of  the  dynamic  pressure,  q, 
prior  to  computing  their  mean  value  and  standard 
deviation  at  each  phase  angle. 

A few  data  points  evidenced  noise  spikes  and/or 
60  Hz  noise  in  the  chordwise  integrated  results.  For  those 
data  points  with  noise  spikes,  the  instantaneous  Cp  time 
history  data  were  scanned  and  stripped  of  these  spurious 
spikes  by  a procedure  developed  to  discriminate  these 
spikes  from  the  actual  data.  A discrete  digital  filter 
scanned  and  stripped  the  Cp  time  history  data  of  those 
data  points  with  60  Hz  noise.  This  noise  processing  is  a 
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data  reduction  optional  procedure  that  does  not  alter  the 
raw  pressure  data  in  the  data  base  files. 

A specially  developed  interpolation  integrates  the 
chord  wise  distribution  of  Cp.  This  procedure  is  carried  out 
in  an  airfoil  surface  coordinate  system  divided  into  three 
regions:  the  leading  edge  region,  and  a region  for  each 
surface  aft  of  the  leading  edge  (i.e.,  the  upper  and  lower 
surfaces). 

For  the  leading  edge  region,  the  interpolation  utilizes 
two  basis  functions  which  naturally  span  the  space  of 
solutions  for  the  leading  edge  problem.  They  are  derived 
from  a second  order  airfoil  theory  (ref.  4)  uniformly  valid 
at  the  stagnation  point  and  the  suction  peak.  This  leading 
edge  fit  procedure  implicitly  locates  the  stagnation  point 
and  assures  that  the  fit  of  Cp  always  passes  through  the 
value  of  1.0  at  the  stagnation  point.  Aft  of  the  leading 
edge  region  on  each  surface,  this  procedure  utilizes  a 
spline  function  with  the  constraint  that  it  match  the  ampli- 
tude and  slope  of  the  leading  edge  fit  at  the  splice  points. 
These  splice  points  are  positioned  relative  to  and  aft  of  the 
stagnation  point  and  pressure  peak  obtained  from  the  lead- 
ing edge  fit.  The  leading  edge  fit  procedure  only  uses  the 
upper  and  lower  surface  data  points  within  2.5%  of  the 
leading  edge.  At  the  trailing  edge,  the  upper  surface  mea- 
sured pressures  at  the  two  most  aft  chord  locations  are 
extrapolated  to  the  trailing  edge  and  used  as  the  trailing 
edge  value  for  both  the  upper  and  lower  surfaces.  This 
trailing  edge  procedure  was  used  because  the  upper  sur- 
face pressure  transducers  were  located  close  to  the  trailing 
edge. 

As  evidence  of  the  consistency  of  the  interpolation 
procedure  for  the  leading  edge  pressures,  the  resulting 
implicitly  located  stagnation  point  location  versus  the 
section  Cf  is  plotted  in  figure  7 along  with  a linear  regres- 
sion to  these  results.  These  results  are  for  the  sequence  of 
2-D  steady  data  points  obtained  below  stall  over  the  angle 
of  attack  range  from  -1 1 deg  to  +13  deg.  This  interpola- 
tion procedure  yields  a smooth  linear  variation  of  the 
stagnation  with  C ].  The  stagnation  point  location  is  given 
in  the  airfoil  surface  coordinate  system  of  the  fit 
procedure. 

Test  Procedures 

Calibrations-  The  transducer  calibrations  were  peri- 
odically performed  and  checked  via  menu-driven  soft- 
ware. The  software  compared  the  new  results  for  all 
channels  with  previous  results  and  flagged  those  data 
channels  whenever  a change  in  the  calibration  factor 
exceeded  a prescribed  tolerance.  Results  could  then  be 
corrected  or  accepted.  Upon  acceptance,  the  new  calibra- 
tions were  appended  to  a master  file  and  recorded  in  the 
header  of  each  subsequent  data  point  file  for  use  in  data 


reduction.  The  procedures  specific  to  each  type  of  calibra- 
tion are  described  below. 

Data  channel  gains:  The  data  channel  gains  were 
calibrated  by  shorting  the  inputs  to  all  channels  and 
applying  a precisely  measured  voltage  to  all  the  inputs. 
Performed  periodically,  this  calibration  provided  the  first 
step  in  the  wing  pressure  transducer  calibration  procedure. 
The  gains  calibration  used  a tolerance  of  1%  change. 

Wing  pressure  transducers : A gains  calibration 
always  preceded  calibration  of  the  wing  pressure  trans- 
ducers. The  pressure  transducers  were  calibrated  in  four 
groups.  One  group  consisted  of  all  the  absolute  pressure 
transducers  calibrated  by  applying  pressure  to  the  mani- 
fold of  the  common  reference  side.  The  remaining  three 
groups  consisted  of  three  span  stations  with  differential 
pressure  transducers.  All  the  differential  transducers  at 
each  span  station  were  calibrated  as  a group.  A fixture 
attached  to  the  wing,  enclosing  all  the  pressure  orifices  at 
that  span  station,  applied  the  necessary  pressure. 

Incrementally  stepping  the  applied  pressure  through  a 
full  cycle  over  the  range  of  —6  psi  to  +6  psi  provided 
transducer  calibration  in  each  group.  The  pressure  was 
measured  by  the  wind  tunnel  “standard”  pressure  trans- 
ducer used  for  the  measurement  of  the  test  section  static 
pressure.  The  output  of  all  the  transducers  in  the  group 
was  recorded  and  plotted  versus  the  calibration  pressure 
along  with  the  linear  regression  used  to  determine  the 
calibration  factors.  The  change  tolerance  used  for  these 
pressure  calibrations  was  1%. 

Wing  angle  of  attack : The  wing  angle  of  attack  was 
calibrated  from  -12  deg  to  +27  deg  in  incremental  steps  of 
approximately  2 deg  for  both  increasing  and  decreasing 
angle  of  attack.  An  inclinometer  on  an  airfoil  contoured 
fixture,  mounted  at  wing  20%  span  location,  measured  the 
angle  of  attack  at  each  step.  Operators  manually  recorded 
the  measured  angle  and  the  output  voltage  for  each  cali  - 
bration  step. 

To  confirm  the  results,  calibration  was  repeated  once 
prior  to  the  test.  Thereafter,  a three  point  calibration  check 
was  performed  periodically  at  the  positive  and  negative 
angle  of  attack  limit  stops  and  at  +7.50  deg  set  by  use  of  a 
stop-block  inserted  into  the  pitch  drive  mechanism. 

Test  section  static  pressure:  Static  pressure,  mea- 
sured by  the  wind  tunnel  “standard”  with  calibration 
traceable  to  the  National  Bureau  of  Standards,  was  not 
calibrated  per  se.  However,  the  calibration  factor  for  this 
data  acquisition  channel  resulted  from  a linear  regression 
of  the  digital  output  of  this  “standard”  transducer  versus 
the  digital  output  of  the  data  channel  for  incremental  steps 
of  about  1 psi  over  the  range  of  0.0  to  15.0  psi.  Through- 
out the  test,  a two  point  calibration  check  was  performed 
periodically  by  using  the  current  atmospheric  pressure  and 
the  transducer  zero. 
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Test  section  dynamic  pressure : Test  section 
dynamic  pressure  calibrations  spanned  the  range  from  0.0 
to  1.0  psi  in  steps  of  about  0.1  psi.  A linear  regression  of 
the  digital  output  of  the  standard  transducers  versus  the 
digital  output  of  the  data  channel  provided  the  channel 
calibrations.  This  calibration  was  repeated  once  during  the 
test. 

Zeros—  Prior  to  each  data  run,  data  channel  beginning 
zeros  were  taken  under  computer  control  via  the  menu- 
driven  software.  The  software  compared  the  new  results 
for  all  channels  with  the  previous  results  and  flagged 
those  data  channels  where  the  change  exceeded  a pre- 
scribed tolerance.  Results  could  then  be  corrected  or 
accepted.  The  new  accepted  zeros,  appended  to  a master 
file  and  recorded  in  the  header  of  each  subsequent  data 
point  file,  were  used  for  data  reduction.  A tolerance  of  1% 
was  used  for  the  zeros. 

Temperature  sensitivity  of  some  of  the  pressure 
transducers  required  stabilizing  the  model  temperature 
prior  to  taking  the  zeros  by  running  the  wind  tunnel  at  the 
test  dynamic  pressure  and  monitoring  the  temperature  of 
the  model.  When  model  temperature  approached  equilib- 
rium, the  tunnel  speed  was  quickly  brought  down  to  zero, 
the  zeros  taken,  the  speed  resumed,  and  the  data  acquisi- 
tion commenced. 

End  zeros  were  recorded  to  enable  the  data  reduction 
correction  for  any  possible  zero  drift  occurring  during  the 
run.  This  required  immediately  taking  zeros  at  the  end  of 
a run  and  recording  them  via  the  file  header  of  a dummy 
data  point  taken  at  zero  wind  speed. 

Pitch  oscillation  test-  Changing  the  mean  angle  of 
attack  and  the  oscillating  amplitude  required  mechanical 
adjustments  to  the  pitch  drive  mechanism.  These  were 
manually  set  with  the  wind  off  prior  to  a data  run.  Begin- 
ning run  zeros  were  then  acquired,  the  wind  tunnel 
brought  up  to  test  speed,  and  20  cycles  of  data  acquired 
via  the  menu-driven  software  for  each  frequency  of  oscil- 
lation. The  wind  tunnel  was  shut  down  and  run  end  zeros 
recorded  via  a dummy  data  point.  The  mean  angle  of 
attack  was  changed  and  the  above  run  process  repeated 
for  each  mean  angle  of  the  test  matrix  for  the  fixed  oscil- 
lating amplitude. 

Steady-state  test-  These  data  were  obtained  using 
the  3-D  configuration  with  the  round  tip  and  the  2-D  con- 
figuration with  and  without  the  leading  BL-trip.  The 
steady-state  test  did  not  employ  the  square  tip  3-D  config- 
uration. The  fixed  angles  of  attack  were  set  using  the  pitch 
oscillation  mechanism  to  cover  a 20  deg  angle  of  attack 
range  for  each  run.  An  electrically  operated  brake  on  the 
pitch  oscillation  mechanism  held  the  pitch  setting  while 
data  were  acquired.  At  each  angle  of  attack,  36  sec  of  data 
were  acquired  in  three  12  sec  repeats  of  256  samples. 
Beginning  and  end  zeros  were  acquired  for  each  run. 


Quasi-steady  test-  The  relatively  long  time  required 
to  cover  the  20  deg  angle  of  attack  range  during  the 
steady-state  test  created  a concern  about  the  potential  for 
pressure  transducer  temperature  drift.  Therefore,  the  fol- 
lowing procedure  was  tried  and  found  to  quickly  acquire 
pseudo-steady-state  data  while  minimizing  the  potential 
temperature  drift  effects.  This  test  procedure  also  yields  a 
finer  angle  of  attack  resolution.  It  is  similar  to  the  pitch 
oscillation  test,  except  that  it  is  conducted  with  a very  low 
frequency  oscillation  and  an  angle  of  attack  range  from  0 
to  20  deg  (i.e.,  the  angle  of  attack  and  the  amplitude  were 
both  set  at  10  deg).  Generally,  only  1 cycle  of  data  was 
acquired  for  each  data  point,  yielding  data  at  256  instanta- 
neous angles  of  attack  (i.e.,  128  each  for  increasing  and 
decreasing  angles  of  attack).  A few  quasi-steady  test  data 
points,  taken  at  a frequency  of  1/2  cycle  per  minute,  con- 
firmed that  the  frequency  of  1 cycle  per  minute  was  low 
enough  to  reduce  unsteady  effects  to  an  imperceptible 
level. 

2-D  test—  The  2-D  testing  only  involves  a configura- 
tion change.  Thus,  the  test  procedures  for  each  of  the 
above  three  test  types  are  unchanged. 

Micro-tuft  surface  flow  visualization-  About 
1500  micro-tufts  (1/2  in.  long)  were  installed  on  the  entire 
upper  surface  of  the  wing  using  a rectangular  grid  spacing 
of  1/2  in.  The  tufts  were  of  0.0019  in.  diameter  monofila- 
ment nylon  treated  to  fluoresce  under  ultraviolet  illumina- 
tion. Two  high  intensity  (2,000  joule)  studio  xenon  strobe 
lamps,  mounted  above  the  wing  outside  the  test  section, 
illuminated  the  tufts.  To  photograph  the  model,  a 70  mm 
remotely  operated  camera  using  high  speed  black  and 
white  film  was  mounted  above  the  wing  outside  the  test 
section.  The  strobe  lamps  were  fitted  with  narrow-band - 
pass  filters  to  allow  only  ultraviolet  wavelengths,  X,  of 
about  360  nm.  A low-pass  camera  filter  blocked  the 
reflected  wavelengths  below  about  430  nm.  In  other 
words,  X = 360  nm  illumination  caused  fluorescence  in 
the  visible  range,  and  any  illumination  reflected  from  the 
model  and  background  below  X = 430  nm  was  blocked. 
Thus,  with  the  test  section  dark,  the  strobe  illuminated 
tufts  photographed  white  on  a totally  black  background. 

The  strobe  lamps,  camera,  and  data  acquisition  sys- 
tem were  synchronized  and  triggered  by  an  electronic 
controller  circuit  by  the  1 and  256  per  rev  data  acquisition 
shaft  encoder  pulses.  With  this  system,  the  test  engineer 
set  the  desired  phase  angle  (pulse  number)  within  the 
periodic  pitching  cycle  and  initiated  the  process  via  the 
controller  start  button.  The  controller  opened  the  camera 
shutter  and,  at  the  selected  pulse  number  following  the 
next  one-per-rev  pulse,  triggered  the  strobe  units  and  data 
acquisition  system  and  closed  the  shutter.  Thus,  a photo- 
graph recorded  the  upper  surface  tuft  flow  pattern,  and  the 
data  system  acquired  the  corresponding  instantaneous 
pressure  distribution  at  the  selected  phase  angle. 
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A group  of  these  visualization  runs  was  made  at  the 
end  of  the  test  after  removing  the  data  acquisition  system. 
For  these  runs  there  are  no  pressure  data.  To  obtain  a 
photo  of  the  average  tuft  pattern  rather  than  the  instanta- 
neous pattern  at  each  phase  angle,  another  group  of 
visualization  runs  was  made  where  the  exposure  was 
reduced  by  a factor  of  30  (by  reducing  the  lens  aperture) 
and  then  30  repeat  exposures  were  made  on  a single  frame 
of  film  for  each  phase  angle. 

Steady-boundary  value  measurements-  For  static 
angles  of  attack  of  0.0  deg,  7.5  deg,  13  deg,  and  15  deg, 
the  static  pressure  distribution  was  measured  around  the 
2-D  and  3-D  wing  configurations  (with  the  BL-trip 
installed)  on  a rectangular  boundary  in  vertical  planes 
aligned  with  the  flow.  The  test  section  dynamic  pressure 
was  also  measured  on  the  fore  and  aft  segments  of  this 
boundary.  These  measurements,  made  at  midspan  for  the 

2- D  configuration  and  at  four  spanwise  locations  for  the 

3- D  configuration  (fig.  8),  used  the  static  pressure  plates 
(fig.  9)  on  the  ceiling  and  floor  for  top  and  bottom  of  the 
measurement  boundary  and  pitot-static  rakes  (fig.  10)  for 
the  fore  and  aft  segments  of  the  boundaries.  For  the  3-D 
configuration,  the  static  pressure  was  also  measured  along 
the  wall  centerline  opposite  the  wing  tip.  This  was 
accomplished  by  moving  the  ceiling  static  pressure  plate 
to  the  wall,  removing  the  front  pitot-static  rake,  and  leav- 
ing the  rear  rake  and  floor  pressure  plate  in  span  position 
number  four.  Physical  interference  of  the  front  pitot-static 
rake  assembly  with  the  floor  and  ceiling  static  pressure 
plates  required  this  assembly  to  be  offset  five  inches  to 
one  side. 

These  measurements  were  not  made  simultaneously 
at  all  span  stations.  Rather,  the  above  apparatus  was 
moved  spanwise  from  station  to  station  and  the  computer 
data  acquisition  process  initiated  after  setting  each  of  four 
steady  angles  of  attack.  The  steady-state  wing  pressure 
distribution  was  recorded  as  one  sequence  of  dynamic 
data  consisting  of  256  samples  over  a 12  sec  period.  The 
pressures  on  the  measurement  boundary  were  taken  with 
two  scani-valve  systems  and  recorded  by  the  data 
acquisition  system  as  static  data  at  each  scani-valve  step, 
following  a 1 .5  sec  delay  to  allow  for  pressure 
equalization. 

Dynamic  pressure  survey-  This  investigation 
measured  the  dynamic  pressure  in  front  of  the  2-D  and 
3-D  configurations  for  static  angles  of  attack  using  a pitot- 
static  probe  installed  on  a traverse  mechanism.  Three 
measurement  locations  were  21  in.  above  the  wing, 
midway  between  the  wing  and  the  ceiling,  and  3 were 
21  in.  below  the  wing,  midway  between  the  wing  and  the 
floor.  The  spanwise  probe  locations  were  at  midspan  and 
18.5  in.  either  side  of  the  3-D  configuration  midspan.  For 
the  2-D  configuration,  these  locations  are  midspan  and 


10  in.  from  each  splitter  plate.  These  measurement 
locations  are  all  9.5  in.  ahead  of  the  wing  leading  edge. 

The  dynamic  pressure  from  the  traverse  probe,  along 
with  the  test  section  dynamic  pressure  and  the  steady-state 
wing  pressure  distribution,  were  recorded  as  one  sequence 
of  dynamic  data  consisting  of  256  samples  over  a 12  sec 
period. 

Steady-state  wake  measurements-  This  test  used  a 
wake  rake  with  14  total  head  probes  and  3 static  pressure 
probes  equally  spaced  vertically  over  about  2-1/4  in.  (as 
seen  in  fig.  5).  This  rake  was  mounted  on  a traverse 
mechanism  downstream  of  the  3-D  wing  configuration. 

The  measurements  were  made  for  3 static  angles  of  attack 
at  1 .5  and  3.0  chord  lengths  aft  of  the  wing  trailing  edge 
and  at  spanwise  locations  of  25%,  47%,  and  80%.  The 
rake  was  centered  vertically  on  the  wake  defect  by 
observing  the  pressure  pattern  on  a manometer  board. 

These  pressures  were  measured  using  the  scani-valve 
system  and  recorded  by  the  data  acquisition  system  as 
static  data  at  each  scani-valve  step,  following  a 1 .5  sec 
delay  to  allow  for  pressure  equalization. 

Test  Conditions 

Primary  operating  conditions—  The  primary 
operating  condition  for  the  test  was  a nominal  Reynolds 
number  of  2.0  x 106  yielding  the  following  corresponding 
nominal  values: 

Test  section  wind  speed  =»  3 1 3 fps 

Dynamic  pressure  **117  psf 

Mach  number  “ 0.278 

Pitch  oscillation  test-  Data  for  this  test  were 
acquired  at  the  primary  operating  conditions  with  and 
without  the  leading  edge  BL-trip  for  the  2-D 
configuration,  and  with  the  round  and  the  square  tip  caps 
for  the  3-D  wing  configuration.  This  test  covers  a range  of 
mean  angles  of  attack  up  through  stall  and  includes 
several  amplitudes  and  frequencies  of  oscillation.  Table  3 
summarizes  the  test  matrix  for  these  data. 

Steady-state  test-  This  test  was  conducted  at  the 
primary  operating  conditions  with  and  without  the  leading 
edge  BL-trip  for  the  2-D  configuration  and  the  3 -D 
configuration  (round  tip  cap).  This  test  covers  the  angle  of 
attack  range  from  -1 1 deg  to  +20  deg  with  2 overlapping 
runs.  One  run  covered  the  range  from  -1 1 deg  to  +9  deg, 
and  a second  run,  the  range  from  0 to  +20  deg.  The  angle 
of  attack  range  was  covered  in  1 deg  increments,  except  in 
the  vicinity  of  stall  (12  deg  to  17  deg),  where  an 
increment  of  1/2  deg  was  used. 

Quasi-steady  test-  Data  for  this  test  were  acquired  at 
the  primary  operating  conditions  with  and  without  the 
leading  edge  BL-trip  for  the  2-D  configuration,  and  with 
the  round  and  the  square  tip  caps  for  the  3-D  wing 
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configuration.  A few  secondary  quasi-steady  test  data 
points  were  taken  at  a reduced  nominal  Reynolds  number 
of  1.4  X 10^,  yielding  the  following  corresponding  nomi- 
nal values: 

Test  section  wind  speed  « 230  fps 

Dynamic  pressure  ~ 60  psf 

Mach  number  ~ 0.2 

Oscillation  frequency  for  the  quasi-steady  test  was 
1 cycle  per  minute  (reduced  frequency,  v = 0.00017).  The 
mean  angle  of  attack  and  the  amplitude  were  set  at  10  deg 
to  acquire  data  over  the  angle  of  attack  range  from  0 to 
20  deg. 

Micro-tuft  surface  flow  visualization-  Visualiza- 
tions were  made  for  both  the  pitch  oscillation  test  and 
steady-state  test,  but  only  with  the  3-D  round  tip  configu- 
ration. They  covered  a range  of  free  stream  speeds  and 
reduced  frequencies.  Clear  tuft  patterns  were  difficult  to 
obtain  at  the  primary  test  condition  (q  ~ 1 17  psf);  thus, 
most  visualizations  were  obtained  at  lower  speeds. 

Table  4 summarizes  the  conditions  covered. 

Steady-boundary  value  measurements-  These 
measurements  were  made  at  the  primary  operating  condi- 
tions with  the  2-D  configuration  and  the  3-D  configura- 
tion (round  tip  cap).  Both  configurations  were  tested  only 
with  the  leading  edge  BL-trip.  These  measurements  were 
made  with  the  wing  angle  of  attack  set  at  0.0  deg,  7.5  deg, 
13.0  deg,  and  15.0  deg  for  each  configuration. 

Dynamic  pressure  survey-  This  survey  was  made  at 
the  primary  operating  conditions  with  the  2-D  configura- 
tion and  the  3-D  configuration  (round  tip  cap).  The  2-D 
configuration  was  tested  with  and  without  the  leading 
edge  BL-trip;  the  3-D  configuration  was  tested  only  with 
the  trip.  These  measurements  were  made  with  the  wing 
angle  of  attack  set  at  0.0  deg  and  1 3.0  deg  for  each 
configuration. 

Steady-state  wake  measurements-  These  measure- 
ments were  made  at  the  primary  operating  conditions 
using  the  3-D  round  tip  cap  configuration  without  the 
leading  edge  BL-trip.  They  were  taken  with  the  wing 
angle  of  attack  set  at  5.0,  10.0,  and  13.0  deg. 

DISCUSSION 

Experimental  Accuracy 

Although  unattainable,  ±1%  accuracy  in  each  of  the 
measured  quantities  was  sought.  In  so  doing  it  was 
believed  that  the  attained  accuracy  would  be  the  best 
possible  under  the  circumstances.  Following  is  a brief  dis- 
cussion of  equipment  accuracy  and  an  estimate  of  the 
accuracy  of  the  resulting  measurements. 

Model-  The  machining  tolerance  for  the  airfoil  sec- 
tion was  ±0.002  in.  The  wing,  designed  to  have  zero  twist, 


was  found  to  have  a very  small  positive  twist  (leading 
edge  up),  outboard  of  span  station  0.30  (maximum  of 
0.065  deg  at  span  station  0.5 1 and  a distribution  as  shown 
in  table  5). 

Pressure  transducers-  Table  6 presents  specifica- 
tions for  the  pressure  transducers.  As  described  under  Test 
Procedures,  the  tolerance  used  for  the  transducer  calibra- 
tions and  zeros  was  1%.  However,  the  zero  drift  with 
temperature  for  some  of  the  pressure  transducers 
exceeded  specifications.  As  described  in  the  Data  Reduc- 
tion section,  a correction  procedure  minimized  this 
problem. 

Angle  of  attack-  The  mechanism  for  measuring  the 
angle  of  attack  had  a resolution  of  better  than  0.04  deg 
over  a 39  deg  angle  of  attack  range  from  -12  deg  to 
+27  deg.  The  kinematics  of  this  mechanism  produced  a 
slightly  nonlinear  output.  The  output  had  a maximum 
deviation  of  0.26  deg  from  a linear  regression  to  the  cali- 
bration results  over  the  39  deg  range.  The  deviation  was 
corrected  by  applying  a seventh  order  polynomial  calibra- 
tion curve  fit  to  these  results.  This  procedure  reduced  the 
maximum  resulting  deviation  to  0.03  deg  over  this  39  deg 
operating  range. 

Based  on  the  above  discussion,  the  angle  of  attack 
measurement  appears  to  have  been  taken  to  an  accuracy 
of  about  L0  to  1.5%.  However,  C\  does  not  always  equal 
zero  exactly  at  an  angle  of  attack  of  zero  as  it  should  for  a 
symmetrical  airfoil.  In  some  cases,  it  deviates  by  as  much 
as  0.3  deg.  Investigation  of  this  problem  led  to  the  conclu- 
sion that  it  is,  in  part,  due  to  the  unsteadiness  of  the  flow 
in  the  wind  tunnel.  Thus,  the  instantaneous  angle  of  attack 
may  have  a deviation  of  as  much  as  0.3  deg.  However, 
averaged  values  should  be  somewhat  better. 

Frequency-  Frequency  of  oscillation  was  obtained 
from  the  256  per  rev  pulse  output  of  the  shaft  encoder  by 
an  off-the-shelf  transducer-to-computer  interface  module 
having  a resolution  of  0.01  Hz  and  an  accuracy  of 
±0.01%. 

Test  conditions—  The  wind  tunnel  “standard”  pres- 
sure measuring  system  used  to  measure  the  test  section 
static  pressure  has  an  accuracy  of  0.015%  full  scale  and  a 
repeatability  of  0.005%  full  scale  with  a calibration  trace- 
able to  the  Bureau  of  Standards.  The  capacitive  type  dif- 
ferential pressure  transducer  measured  the  test  section 
dynamic  pressure.  It  was  calibrated  against  the  wind  tun- 
nel standard  pressure  sensing  system  and  has  a linearity  of 
0.5%  full  scale  and  a repeatability  of  0.01%  full  scale. 

Structural  dynamics-  Investigation  of  the  torsional 
dynamic  response  of  the  wing  over  the  test  frequency 
range  used  a state-of-the  art  video-based  motion  mea- 
surement system.  The  investigation  confirmed  that  the 
response  was  closely  approximated  by  a undamped  sec- 
ond order  system.  The  ratio  of  the  tip  motion  to  the  root 
motion  varies  as  the  transmissibility,  1/(1  - G3,2),  where 
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CJ  is  the  forcing  frequency  ratio.  If  necessary  for  any 
application,  this  information  can  be  used  to  account  for 
the  spanwise  distribution  of  the  small  dynamic  response. 
For  example,  the  measured  fundamental  natural  frequency 
was  58.1  Hz.  Thus,  at  the  highest  test  frequency  of  20  Hz, 
where  the  dynamic  response  is  the  maximum  (worst  case), 
the  transmissibility  has  a value  of  1.13  (i.e.,  the  tip  pitch- 
ing amplitude  will  be  13%  greater  than  the  root  ampli- 
tude). For  an  oscillating  pitch  amplitude  of  2 deg,  the  tip 
amplitude  will  be  2.26  deg.  The  spanwise  distribution  of 
this  structural  torsional  response  can  be  closely  approxi  - 
mated  by  the  first  cantilever  torsional  mode  shape  of  a 
uniform  beam  (i.e.,  a quarter  sine  wave). 

Differential  pressures  cause  errors-  Use  of  differ- 
ential pressures  to  obtain  the  section  aerodynamic  coeffi- 
cients introduces  an  error  in  the  lift  (C  | ) and  moment  (Cm) 
coefficients.  The  absence  of  the  chordwise  component  of 
the  surface  pressures  causes  this  error.  The  error  was 
investigated  by  evaluating  the  C]  and  Cm  using  the  abso- 
lute pressure  measurements  obtained  with  the  2-D  config- 
uration with  and  without  the  chordwise  component  of  the 
pressures  included.  The  resultant  error  in  C|  versus  Otis 
presented  in  figure  1 1,  where  it  reaches  a maximum  of 
about  5%  at  an  angle  of  attack  of  16  deg.  The  curve  of  Cm 
versus  (X  evaluated  with  and  without  the  chordwise  com- 
ponent of  the  pressures  included  is  presented  in  figure  12. 
Here  it  is  noted  that  neglecting  the  chordwise  component 
of  the  pressures  has  increased  the  slope,  dC  IT/d  a.  by 
about  50%. 

Section  aerodynamic  coefficients-  Test  and  data 
reduction  procedures  were  generally  adequate  to  minimize 
the  influence  of  pressure  transducer  zero  drift  on  the 
integrated  results.  However,  occasionally  the  influence  on 
the  pitching  Cm  due  to  transducers  near  the  trailing  edge 
results  in  a small  shift  of  the  curve  of  Cm  versus  cl 
Except  for  this  occasional  shift  in  the  Cm  curve,  the  max  - 
imum  errors  in  the  integrated  coefficients  are  probably 
±0.01. 


Observations  and  Comments 

The  chaotic  nature  of  stall  - The  fundamental  nature 
of  the  flow  about  a stalling  wing  is  one  of  chaos.  There  is 
a general  overall  flow  state  with  pseudo-random  varia- 
tions about  it  varying  with  the  depth  of  the  stall.  (On  fixed 
wing  aircraft,  this  is  the  source  of  the  buffeting  associated 
with  stall.)  Thus,  when  using  the  data  to  validate  computa- 
tional predictions,  the  chaotic  aspect  of  the  phenomenon 
should  be  considered.  The  results  as  presented  in  the 
Basic  Data  Set  are  cycle-averaged.  This  may  or  may  not 
be  representative  of  the  individual  cycles.  In  many  cases, 
the  cycle-to-cycle  variation  can  be  significant.  It  may  be 
useful  to  look  at  individual  cycles  or  delete  a few  cycles 


from  the  average  when  in  the  minority,  i.e.,  non- 
representative. A computational  procedure  precisely 
modeling  the  stalling  wing  should,  of  course,  also  repro- 
duce this  variability  as  well  as  the  mean. 

Examples  of  the  chaotic  nature  of  stall  for  the  steady  - 
state  and  the  oscillating  pitch  conditions  are  selected  from 
the  Basic  Data  Set  and  the  underlying  detail  data. 

Figure  13(a)  shows  the  cycle-averaged  section  coefficient 
results  for  the  wing  pitching  about  a mean  angle  of  1 3 deg 
with  an  amplitude  of  4 deg  at  a reduced  frequency  of  0.04. 
Viewing  the  pressure  on  the  airfoil  upper  surface  at  chord 
station  0.275  (a  concatenation  of  the  individual  repeat 
cycle  time  histories)  reveals  the  cycle-to-cycle  variations 
for  this  case  (fig.  13(b)).  A closer  look  at  the  pressure 
time  histories  for  repeat  cycles  numbers  7 and  12  is  pre- 
sented in  figure  13(c).  Comparing  the  section  coefficient 
results  for  these  two  selected  repeat  cycles  reveals 
(fig.  13(d))  the  relatively  extreme  variation  concealed  in 
the  cycle-averaged  results. 

The  chaotic  nature  of  the  stalled  flow  about  the  wing 
operating  at  a constant  angle  of  attack  is  evident  in 
figure  14  for  the  condition  of  incipient  to  moderate  stall. 
Here  the  pressure  time  history  on  the  airfoil  upper  surface 
at  the  5%  chord  station  is  presented  for  4 angles  of  attack 
from  13.5  deg  to  15.0  deg  in  0.5  increments.  The  reduc- 
tion in  upper  surface  leading  edge  suction  associated  with 
the  trailing  edge  type  of  stall  occurs  in  a pseudo-random 
manner  with  increasing  frequency  as  the  angle  of  attack 
increases. 

Nonclosure  of  coefficient  loops—  For  a few  data 
points,  the  loop  formed  by  the  plot  of  the  section  coeffi- 
cients versus  angle  of  attack  does  not  close  (e  g.,  fig.  15 
for  the  wing  oscillating  at  10  Hz  about  a mean  angle  of 
15  deg  with  an  amplitude  of  2 deg).  This  nonclosure  only 
occurs  for  the  relatively  deep  stall  operating  conditions.  It 
is  the  result  of  averaging  over  noncontiguous  cycles.  Due 
to  the  stall,  the  flow  state  does  not  necessarily  repeat  at 
the  start  and  end  points  of  the  cycle,  as  it  does  for  the  non- 
stall ed  condition. 

Pitching  moment  variation  with  angle  of  attack- 

The  section  pitching  moments  increase  with  angle  of 
attack,  implying  that  the  aerodynamic  center  is  ahead  of 
the  airfoil  quarter  chord,  contrary  to  what  might  be 
expected  for  a symmetrical  section.  This  result  is  evident 
in  other  measurements  made  on  the  NACA  0015  airfoil 
section  (e.g.,  see  refs.  5 and  6).  Increasing  the  trailing 
edge  included  angle  of  an  airfoil  section  moves  the  aero- 
dynamic center  ahead  of  the  quarter  chord  (ref.  7).  Data 
for  the  NACA  0010-34  and  NACA  0010-35  airfoils  dis- 
play this  effect  (ref.  8).  Evidently  the  trailing  edge  angle 
of  the  NACA  0015  gives  rise  to  this  effect. 

Stalled  surface  flow  pattern-  When  stall  occurs,  the 
upper  surface  flow  tends  to  separate  in  spanwise  cells  as 
shown  in  figure  16,  although  it  is  not  always  as  well 
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defined  and  symmetrical  as  in  this  example.  These  cells 
become  less  prevalent  as  the  Reynolds  number  is 
increased.  In  this  example,  aj  = 17.7  deg  and  is  increasing 
while  operating  at  a Reynolds  number  of  1.06  x 10^  and 
oscillating  with  an  amplitude  of  4 deg  about  a mean  angle 
of  15  deg  at  v = 0.04.  The  surface  flow  of  each  of  these 
cells  resembles  that  of  a pair  of  counterrotating  vortices, 
with  the  flow  between  them  from  the  trailing  edge  to  the 
leading  edge,  producing  a mushroom-shaped  surface  pat- 
tern. This  phenomenon  has  been  investigated  for  3-D 
wings  at  a constant  angle  of  attack  (refs.  9 and  10)  where 
the  number  of  spanwise  cells  was  found  to  depend  on  the 
wing  aspect  ratio.  However,  the  results  reported  herein  are 
the  first  known  observation  of  this  phenomenon  for 
dynamic  stall  of  a wing. 

DATA  PRESENTATION 

In  addition  to  the  Basic  Data  Set,  this  report  presents 
some  secondary  data,  and  the  supporting  data.  The  Basic 
Data  Set  is  a compendium  of  all  the  results  (i.e.,  for  all 
angles  of  attack,  amplitudes,  and  frequencies — for  each 
model  configuration)  obtained  from  the  pitch  oscillation 
test  and  the  quasi-steady  test.  It  is  presented  as  plots  of 
cycle-averaged  aerodynamic  section  coefficients  versus 
angle  of  attack.  The  secondary  data  consist  of  (1 ) a few 
data  points  taken  to  document  the  spanwise  progression  of 
stall,  and  (2)  a few  taken  at  lower  Reynolds  numbers.  The 
supporting  data  consist  of  the  steady-boundary  value  mea- 
surements, the  dynamic  pressure  survey,  the  surface  flow 
visualization,  and  the  steady-state  wake  measurements. 
Each  of  these  data  sets  is  described  below. 

Basic  Data  Set 

Description-  The  Basic  Data  Set  is  presented  in 
figures  17-92.  For  each  data  point,  the  results  are  pre- 
sented as  plots  of  cycle-averaged  C],  C<j,  and  Cm,  versus 
otj  at  each  span  station  with  the  data  point  ID  and  a list  of 
all  the  test  parameters  characterizing  the  data  point.  The 
data  point  ID  has  the  following  four  sequential  parts: 

(a)  Model  configuration 

2-D  = two-dimensional 

RT  = 3-D  with  round  tip  cap 
ST  = 3-D  with  square  tip  cap 

(b)  Test  type 

POT  = pitch  oscillation  test 
QST  = quasi-steady  test 
SST  = steady-state  test 

(c)  Boundary  layer  trip 

1 = trip  was  used 

N = no  trip  used 


(d)  Sequential  data  point  acquisition  number 

Four  digits  prefixed  with  the  letter  “D”  for  raw 
data  file  or  “R”  for  reduced  data  file 
For  example,  RTPOT1.D0845  is  the  data  point  for 
the  RT  configuration  obtained  from  the  POT  with  the 
BL-trip  installed  and  a data  point  number  of  845. 

Below  are  the  test  parameters  (cycle-average  values) 
listed  on  each  plot  characterizing  the  data  point: 

a = pitch  mean  angle  of  attack  ± oscillation 
amplitude 

freq.  = pitch  frequency 

v = reduced  frequency 

vel.  = test  section  wind  speed 

Mn  = Mach  number 

Re  = Reynolds  number 

Organization—  The  Basic  Data  Set  is  organized  and 
presented  as  follows.  First,  all  the  results  obtained  with 
the  leading  edge  BL-trip  installed  are  presented,  followed 
by  all  results  obtained  without  the  BL-trip.  Each  of  these 
two  sets  of  data  is  divided  into  three  configuration  groups: 
first,  the  2-D  results;  second,  the  round  tip  3-D  results; 
and  third,  the  square  tip  results.  Within  each  configuration 
group,  the  results  appear  in  four  subgroups:  first,  the 
quasi-steady  test  results,  followed  by  the  three  groups  of 
pitch  oscillation  test  results  in  ascending  order  of  pitch 
amplitude  (i.e.,  the  2 deg,  4 deg,  and  5 deg  results). 

Within  each  of  the  pitch  oscillation  test  pitch  amplitude 
subgroups,  results  are  arranged  in  ascending  order  of  the 
mean  angle  of  attack.  For  each  mean  angle,  the  results  are 
arranged  in  increasing  magnitude  of  the  pitch  oscillation 
frequency.  The  list  of  figures  and  table  1 provide  a useful 
guide  to  this  body  of  data  and  its  organization.  Repeated 
data  points  are  included  as  sub-figures  (labeled  as  repeat) 
following  the  initial  data  point. 

2- D  configuration-  2-D  airfoil  results  are  presented 
at  the  following  four  span  stations: 

y = 0.263,  0.500,  0.842,  and  0.947 

The  2-D  data  are  defined  as  those  at  the  midspan, 
0.500,  station  having  20  absolute  pressure  transducers 
(also  the  3-D  span  station  0.475).  The  additional  3 
off-center  span  stations  having  10  differential  transducers 
(the  3-D  span  stations  at  0.250,  0.800,  and  0.900)  are 
included  to  provide  an  assessment  of  the  two- 
dimensionality  for  each  data  point.  Noteworthy  is  a small 
error  inherent  in  the  use  of  differential  pressures  for 
calculating  section  lift  and  moment,  as  discussed  in  the 
prior  Experimental  Accuracy  section. 

3- D  configuration—  For  3-D  wing  configurations, 
results  are  presented  at  the  following  seven  span  stations: 

y = 0.250,  0.475,  0.800,  0.900,  0.986,  0.966,  and  0.995 
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The  data  at  span  stations  0.957  and  0.976  are  omitted 
because  they  consist  only  of  upper  surface  pressures  at 
six  chord  locations;  thus,  evaluation  of  the  aerodynamic 
coefficients  is  not  possible.  These  data  are  intended  to  be 
used  together  with  the  upper  surface  pressures  at  span  sta- 
tions 0.986,  0.966,  and  0.995  to  define  the  highly  3-D 
upper  surface  tip  pressure  distribution  as  influenced  by  the 
vortex  formation. 

Secondary  Data 

Three  additional  sets  of  data  were  obtained  in  addi- 
tion to  the  Basic  Data  Set.  The  first  set  of  data  points  doc- 
uments the  variation  of  the  spanwise  extent  of  the 
dynamic  stall  region  with  frequency.  It  was  obtained  with 
the  3-D  round  tip  configuration  by  a frequency  sweep 
over  the  range  from  3.0  to  6.0  Hz  for  13  deg  mean  angle 
of  attack  with  an  oscillating  amplitude  of  2 deg.  This  data 
set,  taken  without  the  use  of  the  BL-trip  (figs.  93  and  94), 
was  obtained  at  the  primary  test  condition  (Reynolds 
number  2.0  x 106)  and  at  the  reduced  nominal  Reynolds 
number  (1.4  x 106).  A set  of  frequency  sweep  data  was 
also  taken  at  this  reduced  Reynolds  number  with  the 
BL-trip  installed  (fig.  95). 

The  second  additional  set  is  quasi-steady  test  data 
taken  at  the  above  reduced  Reynolds  number.  These  data 
were  obtained  for  the  round  tip  configuration  with  and 
without  the  BL-trip  installed  (figs.  96  and  97)  and  for  the 
2-D  configuration  without  the  BL-trip  installed  (fig.  98). 

The  third  additional  set  of  data,  presented  in 
figure  99,  was  taken  at  the  nominal  operating  conditions 
matching  those  used  for  some  of  the  stalled  surface  flow 
visualizations.  This  operating  condition  was  at  a lower 
nominal  Reynolds  number  of  1.06  x 10^  corresponding  to 
the  following  nominal  values: 

Test  section  wind  speed  * 162  fps 
Dynamic  pressure  ~ 30  psf 

Mach  number  =0.15 

Supporting  Data 

Steady-boundary  values-  Rather  than  attempt  to 
apply  blockage  and  wind  tunnel  wall  corrections  to  the 
aerodynamic  data,  it  was  decided  to  make  local  static 
pressure  measurements  at  four  steady  state  angles  of 
attack  on  a rectangular  boundary  surface  about  the  wing 
(described  under  Test  Procedures).  Thus,  users  of  the 
aerodynamic  data  have  the  option  of  applying  this  infor- 
mation to  corrections  of  their  choice.  Those  developing 
theories  to  predict  the  aerodynamics  and  using  the  data  for 
correlation  can  apply  these  measurements  as  boundary 
conditions  for  the  computations. 


These  results  for  the  2-D  configuration  are  presented 
in  figure  100,  followed  by  the  3-D  configuration  results 
presented  in  figures  101-105.  For  the  3-D  configuration, 
these  results  are  presented  in  groups  based  on  span  loca- 
tion of  the  survey  from  wing  root  to  tip.  Within  each 
group  the  results  are  presented  in  ascending  order  of  angle 
of  attack.  These  results  are  presented  as  the  relative  static 
pressure  deviation — i.e.,  the  local  static  pressure  differ- 
ence from  the  test  section  static  pressure  divided  by  the 
test  section  static  pressure.  Vertical  distributions  are 
plotted  versus  the  distance  from  the  floor;  horizontal  dis- 
tributions are  plotted  versus  the  distance  from  the  wing 
quarter  chord.  These  distances  are  non-dimensionalized 
by  chord  length.  Each  plot  contains  three  repeat 
measurements. 

An  anomaly  occurs  in  the  horizontal  static  pressure 
distributions  on  the  floor  and  ceiling  due  to  aerodynamic 
interference  from  the  strut  of  the  front  pitot  static  rake. 

The  strut  location  is  5 in.  off  to  the  side  from  the  static 
pressure  orifice  located  1 .67  chord  lengths  ahead  of  the 
wing  quarter  chord.  The  source  of  this  anomaly  is  con- 
firmed by  the  measurements  presented  in  figure  105.  With 
the  front  rake  removed  to  make  the  wall  static  pressure 
measurements  and  the  floor  static  pressure  plate  left  in 
span  location  1.67,  the  anomaly  disappeared  from  the 
floor  static  pressure  distribution. 

These  local  boundary  value  static  pressure  distribu- 
tions for  each  span  location  and  the  chordwise  pressure 
distributions  over  the  wing  were  obtained  simultaneously. 
Except  for  small  experimental  variations,  these  steady - 
state  chordwise  pressure  distributions  are  the  same  for 
each  span  location.  Thus,  the  wing  chordwise  pressure 
distributions  obtained  at  each  angle  of  attack  for  the 
boundary  value  static  pressure  survey  at  span  loca- 
tion 0.479  (fig.  106)  represent  those  obtained  for  the  static 
pressure  survey  at  all  span  locations. 

Dynamic  pressure  survey—  The  maximum  peak-to- 
peak  variation  observed  in  the  dynamic  pressure  survey 
was  about  1%  and  that  magnitude  was  aft  of  the  wing  for 
the  high  angle  of  attack  measurements.  Because  of  the 
relatively  insignificant  variations  observed,  plots  of  these 
results  are  omitted. 

Micro-tuft  surface  flow  visualization-  Examples  of 
the  instantaneous  and  cycle- averaged  micro-tuft  surface 
flow  visualizations  are  presented  for  the  operating  condi- 
tion with  a pitching  amplitude  of  4 deg  about  a mean 
angle  of  attack  of  15  deg. 

The  instantaneous  visualizations  of  the  stalled  surface 
flow  pattern  at  4 phase  angles  through  the  stall  cycle  were 
selected  from  the  set  obtained  at  a reduced  frequency  of 
0.04  and  are  presented  in  figure  107(a).  A repeat  set  of 
these  visualizations  at  the  same  phase  angles  (fig.  107(b)) 
demonstrates  the  variations  occurring  in  the  stall  sepa- 
rated surface  flow  from  cycle  to  cycle.  The  instantaneous 
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pressures  on  the  wing,  taken  simultaneously  with  the  pho- 
tos of  the  instantaneous  surface  flow  patterns  of 
figure  107(a),  are  presented  in  figure  108. 

The  cycle-averaged  visualizations  at  a sequence  of 
eight  phase  angles  through  the  stall  cycle  are  presented  in 
figure  109  for  a reduced  frequency  of  0.04  and  in 
figure  1 10  for  a reduced  frequency  of  0.20.  These  illus- 
trate the  change  in  the  stalled  surface  flow  pattern  with 
reduced  frequency. 

Steady-state  wake  measurements-  These  measure- 
ments determine  the  approximate  displacement  and  cross 
sectional  shape  (i.e.,  vertical  location  of  the  wake  at  sev- 
eral span  stations)  of  the  near  wing  wake  and  its  velocity 
defect.  Figures  1 1 1 and  1 12  present  an  example  of  these 
results  obtained  at  1 .5  and  3.0  chords  aft  of  the  wing 
trailing  edge  for  the  wing  operating  at  an  angle  of  attack 
of  13  deg. 
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Table  2.  Pressure  transducers  locations  on  wing,  (a)  Spanwise 
locations:  y =0.25,  y=0.80,  y = 0.90  differential  pressure 
transducers 


Position  no. 

X 

1 

0.010 

2 

0.025 

3 

0.050 

4 

0.125 

5 

0.225 

6 

0.325 

7 

0.450 

8 

0.600 

9 

0.750 

10 

0.900 

Table  2.  Continued,  (b)  Spanwise  location:  y = 
pressure  transducers 

0.475  absolute 

Upper  position  no.  x 

Lower  position 

no.  x 

Leading  edge 

0.000 

1 

0.010 

1 

0.010 

2 

0.025 

2 

0.025 

3 

0.050* 

3 

0.050 

4 

0.150 

4 

0.100 

5 

0.300 

5 

0.175 

6 

0.500 

6 

0.275 

7 

0.700 

7 

0.400 

8 

0.900 

8 

0.550 

9 

0.700* 

10 

0.850 

11 

0.975 

* Failed  during  test  and  deleted  from  results. 

Table  2.  Continued,  (c)  Spanwise  locations: 
y = 0.976  absolute  pressure  transducers 

y = 0.957, 

Upper  position  no. 

X 

1 

0.010 

2 

0.100 

3 

0.400 

4 

0.600 

5 

0.800 

6 

0.975 
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Table  2.  Continued,  (d)  Spanwise  location:  y = 0.986  absolute 
pressure  transducers 


Upper  position  no. 

X 

Lower  position  no. 

X 

Leading  edge 

0.000 

1 

0.010 

1 

0.010 

2 

0.025 

2 

0.025 

3 

0.050 

3 

0.050 

4 

0.150 

4 

0.100 

5 

0.300 

5 

0.250 

6 

0.500 

6 

0.400 

7 

0.700 

7 

0.600 

8 

0.900 

8 

0.800 

9 

0.975 

Table  2.  Concluded,  (e)  Spanwise  locations:  y = 0.966, 
y = 0.995  absolute  pressure  transducers 


Upper  position  no. 

X 

Lower  position  no. 

X 

Leading  edge 

0.000 

1 

0.050 

1 

0.010 

2 

0.300 

2 

0.010 

3 

0.700 

3 

0.400 

4 

0.900 

4 

0.600 

5 

0.800 

6 

0.975* 

^Failed  at  span  0.966  during  test  and  deleted  from  results. 


Table  3.  Test  matrix  for  pressure  measurements 


a,  deg 

Aa, 

d£E 

Frequency,  Hz 

q> 

psf 

Round 

tip 

Square 

tip 

2-D 

4 

2 

4,  10,  14,20 

117 

/ 

y 

9 

2 

4,  10,  14,  20 

117 

y 

y 

y 

11 

2 

4,  10,  14,  20 

117 

y 

y 

y 

13 

2 

4,  10,  14,  20 

117 

✓ 

y 

y 

15 

2 

4,  10,  14,  20 

117 

/ 

y 

17 

2 

4,  10,  14,  20 

117 

✓ 

y 

1 

4 

4,  10,  14 

117 

✓ 

y* 

4 

4 

4,  10,  14 

117 

/ 

/ 

y 

9 

4 

4,  10,  14 

117 

✓ 

/ 

11 

4 

4,  10,  14 

117 

y 

✓ 

y 

13 

4 

4,  10,  14 

117 

/ 

y 

y 

15 

4 

4,  10,  14 

117 

/* 

y 

17 

4 

4,  10,  14 

117 

y 

y 

13 

5 

4,  10 

117 

y 

y 

17 

5 

4,  10 

317 

y 

y 

13 

2 

Sweep;  3-6 

117 

y 

13 

2 

Sweep;  3-6 

60 

y 

10 

10 

0.0167 

117 

y 

y 

y 

10 

*rri • 

10 

r 

0.0167 

60 

y 

_y 

* There  is  no  data  for  the  round  tip  no  BL-trip  case  at  a = 15  deg  or  for  the  2-D 
with  BL-trip  case  at  a = I deg.  The  figure  numbers  for  these  cases  are 
summarized  in  table  L 


Table  4.  Test  matrix  for  micro-tuft  surface  flow  visualization 


ot/Aoc,  deg 

q.psf 

Frequency,  Hz  Reduced 

frequency 

B/L-trip 

YorN 

Average/ 
instantaneous 
A or  I 

Pressure  data 
YorN 

13/4 

117 

4 

0.04 

Y 

I 

Y 

13/4 

117 

10 

0.10 

Y 

I 

Y 

13/4 

117 

14 

0.14 

Y 

I 

Y 

15/4 

30 

2 

0.04 

Y 

I 

Y 

15/4 

30 

5 

0.10 

Y 

I 

Y 

15/4 

30 

10 

0.20 

Y 

I 

Y 

15/4 

30 

2 

0.04 

Y 

I 

Y 

15/4 

30 

2 

0.04 

N 

I 

Y 

13/4 

60 

4 

0.056 

N 

I 

Y 

11  < a<  15 

30 

SST 

0 

N 

I 

N 

1 1 < a < 20 

30 

SST 

0 

N 

A 

N 

11  < a<  19 

117 

SST 

0 

N 

I 

N 

12  <a <20 

117 

SST 

0 

N 

A 

N 

12  <a < 21 

117 

SST 

0 

N 

I 

N 

15/4 

30 

2 

0.04 

N 

A 

N 

15/4 

30 

5 

0.10 

N 

A 

N 

15/4 

30 

10 

0.20 

N 

A 

N 

13/4 

60 

4 

0.056 

N 

A 

N 

Table  5.  Residual  wing  twist  due  to  manufacturing 


Span,  y 

Twist,  deg 

0.33 

+0.012 

0.51 

+0.065 

0.67 

+0.030 

0.83 

+0.060 

1.00 

+0.024 

Table  6.  Pressure  transducer  specifications 


Sensitivity 

Nonlinearity  and  hysteresis 
Repeatability 

Compensated  temperature  range 
Zero  change  with  temperature 
Sensitivity  change  with  temperature 
Resonant  frequency 
Acceleration  sensitivity  


5 mv/psi 
<0.5%  FS 
<0.1%  FS 
60-  120  deg  F 

< 0.5%  FS/100  deg  F 

< 1%  FS/100  deg  F 
150  KHz 
0.0005%  FS/G 
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(a)  Structural  components 


(b)  Instrumented  wing  with  bearing 


Figure  1.  Wing  photos. 
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Figure  4.  Installation  photos  of  model  in  test  section. 


Figure  5.  Photo  of  wire  supports  snd  wske  roke  instdllstion. 
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(a)  Front  view 


(b)  Top/side  view 


Figure  6.  Photos  of  wire  support  attachment  to  wing. 


Stagnation  point  location 


.05 


.04 


.03 


.02 


.01 


0 


-.01 


-.02 


-.03 


-.04 


-.05  «- 


-1.50  -1.25  -1.00  -.75  -.50 


-.25  0 .25 

Lift  coefficient 


.50 


.75 


1.00 


Figure  7.  Stagnation  point  location  versus  lift  coefficient. 


board  splitter  plat 

e 

) 

ft 

Wind 

0.075  0.479  0.892 

7 

Figure  8.  Spanwise  locations  for  boundary  value  measurements. 


1.25  1.50 


W 


1.671 


2- 


Leading  edge  detail 


Figure  9.  Static  pressure  plate  for  boundary  value  measurements. 
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With  chordwise  pressure  component  1 


4 8 12 

Angle  of  attack  — deg 

Figure  12.  Error  in  Cm  due  to  use  of  differential  pressures. 


MERN  VcLues  of  Sectton 

TEST  I D : RTPOT 1 .D0332 


Cl,  Cd,  and  Cm 


Alpha 


V s 


SPAN  STATION  - 0.475 

Freq.  - 4.01  cps 

v - 0.039 

o.  - 12 . 98±  4 . 07 [le 3 . 

(a)  Cycle-average  section  coefficient  loops 


* 


TESTID: RTP0T1 .00332 

(b)  Cycle-to-cycle  airfoil  section  pressure  variations 

Figure  13.  Example  of  the  chaotic  nature  of  stall  during  pitch  oscillation. 
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TESTID: rtpotl .D0268 

0.45- 

0-05-. 

0.40  - 

o.oo- 

*■ 

0.35  - 

-0.05- 

1 0.30- 

-0.10- 

/ . 0.25  - 

-0.15- 

Q. 0.20- 

-0.20- 

O3  0.15- 

oa  -0.25- 

o.io- 

ySJ  -“'“J 

0.05- 

— 

-0.35  - 

o.oo- 

_n  nc  - 

-0.40  - 

j , -0.45- 

1 1 U . U j 

12  15  18 

2 15  18  1 

2 

a 

Ot 

SPAN  STATION  - 0.475 

FYeq.  - 10.25  cps 

Mach  No.  ■ 0.287 

v - 0.099 

Rn  - 2. 01 49x1 O' 

a - 14.93±  2.04Deg. 

Rl r Speed  - 325.3 

f ps 

Figure  15.  Example  of  nonclosure  of  the  aerodynamic  coefficient  loops. 

Figure  16.  Stall  cell  surface  flow  pattern;  a =15  deg  ±4  deg ; a;  = 1 7.6  deg T ; v - 0.04. 


(a)  Repeat  no.  1 


Figure  1 7.  2-D  quasi-steady  data;  BL-trip;  0<  a <20  deg. 


o 


& 


Dat.aPoi.nt  ID:  2DP0T1.R0761 

o - 4 . 07 ± 2.05  Deg. 
Preq.  - 10.00  cps 

- 0.093 

Vet.  - 336.9  fps 
Mn  - 0.294 
Re  - 1 . 9920*10* 


(b)  v = 0.10 


Figure  18.  Continued. 


cx 


DatoPolntlD:  2DP0T1.R0763 

Q - 4.06±  2.30  Deg. 

Freq.  - 20.07  cpe 

v - 0.188 

Vel.  - 335.4  Fps 

Mn  - 0.293 

Re  - 1.9780h  10" 


(d)  v = 0.20 


Figure  18.  Concluded. 


DatoP  oLnt ID : 2DP0T1.R0766 


a ■ 8.97±  2.04  Deg. 

Freq.  - 10.03  cps 

v - 0.094 

Vel.  - 335.7  fp3 

Mn  - 0.293 

Re  - 1.9710x10' 


6 


T 

0 


a 


~i 

12 


(b)  v = 0.10 


Figure  19.  Continued. 


DotoPolntlDs  2DP0T1 .R0767 


o,  - 8.96±  2.12  Deg. 

Freq.  - M.07  cps 

v - 0.132 

Vel . - 335.7  fps 

Mn  ~ 0 . 292 

Re  - 1.9640x10“ 


(c)  v = 0.14 


Figure  19.  Continued. 


DataPolnt ID:  2nP0Tl .R0750 

o * 10. 99±  2.0*1  Deg. 
Freq.  - 10.01  cps 
v - 0.095 
Vel.  - 332.0  fps 
Mn  - 0.288 

Re  - 1 .9180*10“ 


(b)  v = 0.10 


Figure  20.  Continued. 


DataPoLntID:  2DP0T1.R0751 

a - 10.98±  2.12  Oeg. 

Freq.  - H.03  cps 

v - 0.133 

Vel.  - 332.4  fps 

Mn  - 0.288 

Rg  - 1.9160x10" 


(c)  v = 0.14 


Figure  20.  Continued 
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DataPolntlD:  2DP0T1.RO752 

a - 10.97±  2.28  Deg. 
Preq.  “ 20.05  cps 
v - 0.  190 
VeL.  - 332.0  fps 
Mn  - 0.280 

Re  - 1.9120x10* 


(d)  v = 0.20 


Figure  20.  Concluded. 


o 


DatoPolntlD:  2DP0T1.R0772 


a ■ 1 3 . 08 ± 2.13  Dog. 

Freq . - 14.10  cps 

17  - 0.133 

Vel.  “ 333.8  f ps 

Mn  - 0.291 

Re  - 1 .9530x10* 


(c)  v = 0.14 


Figure  21.  Continued. 


5( 


o 


DataPolntlD:  2DP0T1.R0773 


0.8 


(d)  v = 0.20 


a ~ 1 3 . 07  ± 2.30  Deg. 

Preq.  - 20.13  cps 

v - 0.189 

Vet . - 335.4  fps 

Mn  - 0.292 

Re  - 1 .9500x10" 


Figure  21.  Concluded. 


1.0 


DataPolntlDi  2DPQT1.R0775 


-0.05 


“i — 

14 


“T 

IB 


“I 

18 


a 


a - 1 5 - 03  dr  1.95  Deg . 

Freq.  - 4.04  cps 

u - 0.038 

Vel.  - 335.9  fps 

Mn  - 0.293 

Re  - 1.9760x10' 


(a)  v = 0.04 


Figure  22.  2-D  pitch  oscillation  data;  BL-trip;  a 


”0. 10  H — 
12 


0.05  -l 


u o.oo  -j 


-0.05 -f- 
12 


15  ±2  deg. 


DataPolntlD:  2DP0T1.R0776 

» - 1 5 . 04 ± 2.01  Dog. 
F*rec|-  ™ 10.08  cps 

u - 0.095 
VeL.  - 333.7  fps 
Mn  - 0.291 
Re  - 1.9620x10' 


NOTE: 

Y-Scale  Reduced  bg  207 


(b)  v =0.10 


Figure  22.  Continued 


OatoPolntlD:  2DP0T1.R0777 


(X  “ 

15 .04  ± 

2. 

1 1 Deg 

FVeq 

. - 14. 

12 

cps 

v ~ 

0.  133 

Vet. 

- 332. 

6 

f ps 

Mn  - 

0.290 

Re  - 

1.9520x10' 

NOTE: 

Y“5caLe  Reduced  by  207. 


(c)  v = 0.14 


Figure  22.  Continued. 


5- 


1.0 


DataPolntlD:  2DP0T1.R0778 


o “ 15 , 03±  2.28  Deg. 

Preq.  - 20.16  cps 

v - 0.190 

VeL . — 333.2  fps 

Mn  - 0.290 

Re  - 1 .9550*10* 


NOTE: 

Y*ScaL©  Reduced  by  207 


(d)  v = 0.20 


Figure  22.  Concluded. 


DatoPolntlD:  2DP0T1.R0781 
a - 17.09±  2.04  Deg. 

Freq.  - 10.10  cps 

v - 0.095 
Vel.  - 333.0  fps 
Mn  - 0.290 
Re  - 1 .9530«1  O’ 


(b)  v=  0.10 


Figure  23.  Continued. 


a 


OotoPolntlD:  2DP0T1.RO782 

a - 1 7 . 09 ± 2.09  Deg. 

Freq . ” 14.14  cps 

v - 0.133 

Vel.  - 332.9  fps 

Mn  “ 0 . 290 

Re  - 1.9500x10* 


NOTE: 

Y-Scale  Reduced  by  207. 


(c)  v = 0.14 


Figure  23.  Continued. 


i-M 


a. 8 - 

0.6  -- 

14 


a 


DataP  oLnt ID : 2DP0T1 .R0783 

o - 17. 09 ± 2.26  Deg. 
FVeq.  - 20.22  cps 
v - 0.191 
VeL.  - 332.2  fps 
Mn  - 0.289 

Re  - 1 . 9460*10* 


NOTE : 

Y“Scale  Reduced  by  36/C 


(d)  V = 0.20 


Figure  23.  Concluded. 


DataPolntlDs  2DP0T1.R0789 

a - 3 . 99  ± 4.01  Deg. 

Freq.  ■ 4.02  cps 

v - 0.038 

Vet.  - 331.8  fps 

Mn  - 0 . 290 

Re  - 1 .9580*  Id" 


0.05 

cf  o-°°i 

-0.05 


-1 


0.05- 

0e  0.00- 
-0.0S  -- 


-1 


(a)  v - 0.04 


Figure  24.  2-D  pitch  oscillation  data;  BL-trip;  cc  = 4 ±4  deg. 


6i 


0.4 


DataPolntlD:  2DP0T1.R0790 


o>  - 4.03±  4.  18  Oeg. 

Preq.  - 10.05  cps 

v - 0.095 

Vel.  - 331.9  fps 

Mn  - 0.290 

Re  - 1 .9550x10’ 


(b)  v = 0.10 


Figure  24.  Continued. 


DataPoLnt ID:  2DP0TI.R0791 


a - 4 . 02 ± 4.32  Dog. 

Preq.  * 14.09  cps 

v - 0.133 

Vel.  “ 332.7  fps 

Mn  - 0.290 

Re  - 1 . 9560x1 06 


(c)  v = 0.14 


Figure  24.  Concluded. 


DatoP oLnt I D i 2DP0T1 .R0793 


0 - 

8 . 86  ± 4.05  D©g. 

Ue  0.00- 

Freq 

. “ 4.04  cps 

-0.05- 

V “ 

0.038 

4 

Vel . 

- 334.7  fps 

Mn  - 

0.292 

Re  “ 

1 . 9670* 10s 

O.OS-i 
CJE  0-00- 


-0.05 


4 


(a)  v = 0.04 


Figure  25.  2-D pitch  oscillation  data ; BL-trip;  a = 9±4  deg. 


DataPolntlD:  2DP0T1.R0794 

a - 8.89±  4.20  Oeg. 

Freq.  “ 10.09  cps 

v - 0.097 

VeL.  - 328.4  fps 

Mn  - 0.286 

Re  - 1 .9260x10* 


(b)  v =0.10 


Figure  25.  Continued. 


6* 


DataPolntlD:  2DP0T1.R0795 


(c)  v = 0.14 


B.88±  4.34  Deg. 
~ 14.11  cps 

1.133 

” 333 .3  f ps 

0.290 

1 . 9510x10* 


Figure  25.  Concluded. 


DotaPotntID:  2DP0T1.R0797 

a - 10.88±  4.07  0©g. 

Freq.  “ 4.04  cps 

v - 0.038 

VeL,  - 333.9  f ps 

Mn  - 0.291 

Re  - 1 . 9560x10* 


0.05  -i 


cf  0.00  A 


-0.05  + 
6 


0.05  q 
0C  0.00- 


-0.05  + 
6 


(a)  v = 0.04 


Figure  26.  2-D  pitch  oscillation  data;  BL-trip;  a=  11  ±4  deg. 


6i 


DataPolntlD:  2DP0T1.R0798 

<x  - 1 0 . 88  ± 4.22  Deg. 

F req.  - 10.10  cpe 
v - 0.095 
Vel.  - 333.9  fps 
Mn  - 0.291 


6 8 [0  12  H 16 


(b)v  =0.10 


Figure  26.  Continued. 


CJ 


DotaPolntlO:  2DP0T1.R0799 


a - 1 0 . 92  ± 4.36  Deg. 

Freq.  ~ 14.12  cps 

v - 0.133 

VeL.  - 334.2  fps 

Mn  - 0.291 

Re  - 1. 9530x10* 


(c)  v = 0.14 


Figure  26.  Concluded. 


Ot 


DaiaPoLntID:  2DP0T1.R0802 

o,  - 13.07±  4.20  Oeg. 

Freq . “ 10.11  cps 

v - 0.096 

Vol . - 331.8  Fps 

Mn  " 0.289 

Re  - 1.9480x10* 


(b)  v = 0.10 


Figure  27.  Continued. 


DataPoLntlD:  2DP0T1 .R0803 


(c)  V = 0.14 


13.0 7±  4.35  Deg. 
. * 14.14  cps 

0.  134 

- 331.7  fps 
0.289 
1 .9470xlOB 


Figure  27.  Concluded. 


CJ 


DataP  oLnt ID : 2DP0T1.R0806 


(b)  v = 0.10 


Oc  “ 

Freq 
v * 

VeL. 
Mn  - 
Re  - 


15 . 04 ± 4.16  Deg. 
. _ 10.14  cps 
0.096 

- 332.4  fps 

0.290 

1.9510x10' 


Figure  28.  Continued. 


DataPolnt ID : 2DP0T1.R0807 


a “ 15 

. 03  ± 

4. 

32  Deg 

Freq.  ■ 

- 14. 

19 

cps 

v - 0. 

134 

Vel.  “ 

332. 

7 

f ps 

Mn  - 0 

.290 

Re  ~ 1 

.9460x10* 

NOTE: 

Y~5cale  Reduced  by  20X 


(c)  v = 0.14 


Figure  28.  Concluded. 


ll 


OataPoLntlD:  2DP0T1.R0809 


a - 1 7 . 05 ± 4.03  Deg. 

-0.10- 

Freq.  - 4.08  ops 

-0.15  — 

k - 0.038 

12 

VeL.  - 333.8  fps 

Mn  - 0.291 

Re  - 1.9540x10' 

0.05-1 

0.00- 

£ 

CJ 

-0.05- 


-0.10 


12 


(a)  v = 0.04 


Figure  29.  2-D  pitch  oscillation  data;  BL-trip;  a = 17  ±4  deg. 


o 


DataPolnt ID:  2DP0T1.R081Q 


1.0- 

0.8- 

0.B  — 
12 

1.6-1 

1.4  - 

l .2- 

Cj"  1.0- 

0.0  - 

0.6  - 

0.4  -- 
12 


n i i ? i 

H 16  10  20  22 

o 


17 .04±  4.14  Deg. 
. - 10.17  cps 
0.096 

- 332.3  fps 

0.289 

1.9380x10' 


(b)  v = 0.10 


Figure  29.  Continued 


DataPoLnt ID:  2DP0T1.R081 1 

Of  - 17 . 04  ± 4.27  Deg. 

Froq . - 14.18  cps 

v « 0.134 

Vel . - 333.0  fps 

Mn  - 0.289 

Re  - 1 .9350*1 05 


NOTE: 

Y_5caLe  Reduced  by  20X 


(c)  v = 0.14 


Figure  29.  Concluded. 


DataPoLnt ID:  2DPOT1.R0817 

a *■  13- 03 ± 5.25  Dog. 

Freq.  - 10.04  cp8 

v - 0.096 

Vot.  - 329.9  fps 

Mn  - 0.289 

Re  - 1 .9790x10* 


(b)  v =0.10 


Figure  30.  Concluded. 


8! 


DaloPoLntID:  2DP0T1.R08M 

a - 17.08±  5.18  Deg. 

Freq.  = 9.99  cps 

v - 0.095 

VeL.  - 329.2  fps 

Mn  - 0.289 

Re  - 1. 9870k  106 


NOTE: 

Y-Scale  Reduced  by  207. 


(b)  v =0.10 


Figure  31.  Concluded. 


Vel . - 330.2  fps 
Mn  - 0.287 


Os 


(a)  v = 0.04 


Figure  33.  3-D  round  tip  pitch  oscillation  data;  BL-trip;  a = 4 ±2  deg 


9i 


DataPoLnt ID:  RTP0T1 .R0243 

a " 3.93±  2.04  Dog. 
Proq . - 10.12  cps 

v - 0.096 

Vet . - 331 .1  f ps 

Mn  - 0.287 

Re  - 1.9350x10s 


(b)  v = 0.10 


Figure  33.  Continued . 


3 

6 


5 


7 


DatoPolnt ID:  RTP0T1.R0247 

a - 4.00±  2.05  D©g. 

P req . - 10.12  cps 

v - 0. 101 

Vel . - 316.1  fps 

Mn  - 0.287 

Re  - 2 . 1 680  x 1U* 


0.0  1 1 T 1 

! 3 5 7 

a 


(b.  1)  v = 0. 10;  repeat 


Figure  33.  Continued 


9' 


OalaPolntlD:  RTP0T1.R0244 


a ™ 3 . 9 1 ± 2.10  Deg . 

Freq.  - 14.09  cps 

v - 0.134 

Vel . - 331.0  fps 

Mn  - 0.287 

Re  - 1 . 9320 kIQ6 


(c)  v = 0.14 


Figure  33.  Continued 


DataPoLntID:  RTP0T1.R0245 


a - 3.89±  2.23  Deg. 

Freq.  - 20.12  cps 

v - 0.190 
Vel.  - 332.2  fps 

Mn  - 0.20B 
Re  - 1. 9360*10® 


(d)  v = 0.20 


Figure  33.  Continued. 


DotaPolntlD:  RTP0T1.R0266 

a ” 8.92  4:  1.99  Deg. 

Freq.  “ 4.00  cps 

v - 0.039 

Vel . - 326.4  fps 

Mn  - 0.288 

Re  - 2.0230*10* 


qJ  0.05  4 


0.00 


6 


0.10-. 


oe  0.05  A 


0.00  + 
6 


(a)  v = 0.04 


Figure  34.  3-D  round  tip  pitch  oscillation  data;  BL-trip;  a = 9 + 2 deg. 


o 


0.6 


DatoPolntlD:  RTP0T1.R0249 


(b)  v = 0.10 


. 89±  2.04  Oog. 
- 10.23  cps 
.099 

- 325.7  fp« 

0.289 

2.0520x10' 


Figure  34.  Continued. 


CJ 


0.6 


DataPoLnllD:  RTP0TI.R0253 


(b.1)  v = 0. 10;  repeat 


,06±  2.04  Oeg. 
- 10.00  cps 
.097 

- 324.3  fp« 
0.280 
2.0480x10* 


Figure  34.  Continued. 


DataPolntlDi  RTP0T1.R0250 

a - 8.8 7±  2.11  Oeg. 
Freq.  - 14.06  cps 
u - 0.136 
Vol . - 325.2  fp© 

Mn  - 0.288 
Re  - 2.0460x10* 


(c)  v = 0.14 


Figure  34.  Continued 


DataPolntlD:  RTP0T1.R0251 

a - 8 . 85  ± 2.24  Deg. 

F req . - 20.13  cps 
y - 0.194 
Vel.  - 325.3  fps 
Mn  - 0.288 
Re  - 2.0440x10’ 


(d)  v = 0.20 


Figure  34.  Continued 


u.H 1 1 1 

8 10  12  14 


DataPolntlD:  RTP0T1.R0254 

a - 1 0 . 86 ± 1.99  Deg. 

Freq.  “ 4.01  cps 
y - 0.039 
VeL.  - 325.8  f ps 
Mn  - 0.289 
Re  - 2.0420x10" 

C_,“  0.05- 

U.UU  -- 
8 


<U  D.Q5  -j 


(a)  v = 0.04 


Figure  35.  3-D  round  tip  pitch  oscillation  data;  BL-trip;  a = 11  ±2  deg. 


Vel.  - 329.4  fps 
Mn  - 0.288 
Re  - 1 . 9600 x 1 01 


°-0  l u/f  - 0.900 


ex 


(a.  1)  v = 0.04;  repeat 


Figure  35.  Continued. 


DataPoLntlD:  RTP0T1.R0255 


a - 10 . 85±  2.01  Oeg. 

Freq.  - 10.00  cps 

v - 0.096 

Vel.  - 325.8  fps 

Mn  - 0.289 

Re  - 2. 0390*10* 


(b)  v = 0. 1 0 


Figure  35.  Continued. 


DataPoLntID:  RTP0TI.R0345 
a - 1 0 . 94  ± 2.08  Deg. 

freq.  - 10.02  cps 

v - 0.096 

VqL  . - 329.4  fps 

Mn  - 0.287 

Re  - 1 .9500*10* 


(b.1)  v = 0. 10;  repeat 


Figure  35.  Continued. 


DotoPolntlD;  RTP0T1.R0256 


CJ 

0.6  - 


CMi 1 1 1 

8 10  12  14 

ft 


a - 10 

Frgq.  ■ 

v - 0. 

Vet  . - 
Mn  - 0 
Re  - 2 


(c)  v = 0.14 


, 83±  2.11  Deg. 
- 14.00  cps 
135 

326.1  fps 
.280 

.0320x10' 


Figure  35.  Continued. 


DataPolnt ID:  RTP0T1.R0346 

a - 10.93±  2.15  Deg. 
Freq.  - 14.02  cp3 
v - 0.133 
VeL.  - 330.3  f pe 
Mn  - 0.288 

Re  - 1. 9510*10“ 


~i r~ 

10  12 

0( 


(c.1)  v = 0. 14;  repeat 


Figure  35.  Continued. 


DaioPolnt ID ! RTP0T1.R02S7 


a - 10.81  ± 2.23  Deg. 
Freq.  - 20.06  cps 

v - 0.193 

Vel . - 326.8  fps 

Mn  - 0.289 

Re  - 2.0340x10® 


(d)  v = 0.20 


Figure  35.  Continued. 


Mn  - 0.288 
Re  - 1 .9460*10' 


» 


(d.1)  v = 0.20;  repeat 


Figure  35.  Continued 


OataPolntlD;  RTP0T1.R0259 


10  12  14 

o 


y/Y  - 0.900 


10 


12 


(a)v=0.04 


16 


a - 12.97 ± 2.00  Deg. 
Fr©q.  - 4.00  cps 
- 0.039 

Vel.  - 325.8  fps 
Mn  - 0.288 
Re  - 2 . 0320 *108 


o 0.05  4 


10 


Figure  36.  3-D  round  tip  pitch  osciilation  data;  BL-trip;  a = 13  ±2  deg. 


DutaPolnt ID : RTP0T1.R0264 


o - 1 2 . 95 ± 2.00  Deg. 

Froq.  - 4.01  cps 

v - 0.039 

Vel . - 325.4  fps 

Mn  - 0.287 

Re  - 2. 0140x10° 


(a.  1)  v = 0.04;  repeat 


Figure  36.  Continued. 


DataPolnt ID:  RTP0T1.R0260 


& - 

Freq 

v - 

Vet. 
Mn  - 
Re  - 


o.i  j 1 1 ) 

10  12  M 16 

c* 


(b)  v =0.10 


12.96±  2.05  Oeg. 
. - 10.03  cps 
0.097 

- 324.6  fps 
0.287 

2.0190x10' 


Figure  36.  Continued 


0.8 


y/Y  - 0.966 


o. 


131 


DataPolnt ID : RTP0T1.R0261 

a - 12.95±  2.11  Deg. 
Freq.  “ 14.03  cps 
v - 0.135 
VeL.  - 326.3  fps 

Mn  - 0.288 

Re  - 2.0260x10’ 


0.4  "1 1 r " 1 

ID  12  14  16 

Of 


(c)  v = 0.14 


Figure  36.  Continued. 


o 


DataPolnt I D : RTP0T1.R0262 


Q - 1 2 . 93  ± 2.23  Deg. 

Freq . - 20.11  cps 

v - 0.194 

VeL . - 326.4  fps 

Mn  - 0.288 

Rg  - 2.0230*10’ 


(d)  v = 0.20 


Figure  36.  Continued. 


DataPolntlD:  RTP0TI.R0268 

a - 14.93±  2.04  Deg. 

FV©q.  - 10.25  cps 

v - 0.099 

Vel . - 325 .3  f ps 

Mn  - 0.287 

Re  - 2.0150x10' 


(b)  v = 0.10 


Figure  37.  Continued. 


o 


DataPolntlD:  RTP0TI.R0269 


J i .0 


0.0 


1.2 


1 .0 

_> 

CJ 

0.8 


0.6 


1 y/Y  - 0.900 


a - M.92±  2.10  Deg. 

FY  eq  . - 1 A. . 08  cps 

u - 0.136 

Vet.  - 325."!  fps 

fin  - 0.287 

Re  - 2. 0120**  10s 


( f | | 

12  14  16  10 

a 


(c)  v = 0.14 


Figure  37.  Continued. 


(d)  v = 0.20 


Figure  37.  Continued. 


o 


t.o 


DataPolnt I D : RTP0T1.R0357 


o.  - 16.95±  2.00  Deg. 

Freq.  - 10.12  cps 

v - 0.096 

Vel . - 331  .6  f ps 

Mn  - 0.288 

Re  - 1.9360x10' 


(b)  v = 0.10 


Figure  38.  Continued 


o 


DataPoLnt ID i RTP0TI.R0358 


o.b  H ! 1 1 

M 16  18  20 

a 


.95±  2.14  Deg. 
- 14.04  cps 
133 

332.0  fps 
.288 

. 9340x10° 


(c)  v = 0.14 


Figure  38.  Continued. 


*-2l  y/Y  - 0.900 


DataPolntlD:  RTP0T1.R0359 

a - 16.94±  2.26  Oeg. 

Freq.  “ 20.06  cps 

u - 0.189 

Vet.  - 333.4  f ps 

Mn  - 0.289 

Re  - 1 .9390x10* 


0 . 6 4- 

H 


~l 1 

1 6 IB 

a 


(d)  v = 0.20 


Figure  38.  Continued. 


Cl 


OataPolntlD:  RTP0T1.R0273 

ex  “ 0 . 95  ± 4.17  Dsg . 
Freq.  - 10.03  cps 
v - 0.097 
Vet.  - 326.4  fps 

fin  - 0.288 
Re  - 2.0230x10' 


(b)  v = 0.10 


Figure  39.  Continued. 


OatoPolntlD:  RTP0T1  .R0274 

a - 0 . 93  ± 4.29  Deg. 

Freq.  “ 14.06  cps 

v - 0.135 

Vel . - 327 .1  Fps 

Mn  - 0.289 

Re  - 2.0170x10' 


(c)  v = 0.14 


Figure  39.  Continued. 


DataPolntlD:  RTP0T1.R0321 

a - 3 , 94  ± ^-15  Deg. 

Freq.  - 10.00  cps 

v - 0.094 

Vel . - 333.5  fps 

fin  - 0.289 

Re  - 1 .9190*10" 


(b)  v = 0.10 


Figure  40.  Continued 


DataPolntlD:  RTP0T1.R0322 

a - 3.93±  4.26  Deg. 

Freq.  - 14.01  cps 

v - 0.132 

VeL.  - 333.4  Fps 

Mn  - 0.289 

Rg  - 1.9150x10' 


(c)  v =0.14 


Figure  40.  Continued. 


OataPolntlD:  RTP0T1 -R0325 

a - 8 . 90±  4.17  Deg. 

F req . “ 10.08  cps 

v - 0.096 
Vel.  - 328.2  fps 
Mn  - 0 . 288 
Re  - 1.9890x10' 


(b)  v =0.10 


Figure  41.  Continued. 


Dat,aPoLnt  ID-  RTP0T1.R0326 

o - 8 . 89  ± 4.27  Deg. 
Freq.  “ 14.01  cps 
^ - 0.134 
Vet.  - 327.9  fps 

Mn  - 0.288 
Re  - 1.9840*10' 


(c)  v = 0.14 


Figure  41.  Continued. 


0s 


OataPolntlD:  RTP0T1.R0329 

<x  - 1 0 . 96 ± 4.19  Deg. 

F req . “ 10.01  cps 

v - 0.096 

Vet.  “ 328.3  fpe 

tin  - 0.288 
Re  - 1.9790x10" 


(b)  v =0.10 


Figure  42.  Continued. 


DataPolnt I D i RTPOT1.R0330 

cx  - 10.95±  4.30  Deg. 

Freq.  - 14.01  cps 

» - 0.134 

Vet.  - 328.2  Fps 

Mr.  - 0.288 

Re  - 1 . 9770*  10° 


(c)  v = 0.14 


Figure  42.  Continued 


o 


DotaPolntlD:  RTR0T1.R0333 


a - 1 2 . 96 ± 4.19  Oeg. 

Freq.  “ 10.03  cp3 

v - 0.096 

Vel.  - 327.9  fps 

tin  ” 0 . 287 

Re  - 1.9670x10' 


(b)  v =0.10 


Figure  43.  Continued. 


o 


1.0 


DataPolnt ID:  RTP0T1.R0334 


o,  - 12.95±  4.30  Deg. 

Freq.  ” 14.02  cps 

v - 0.134 

VgL.  - 327.9  fps 

Mn  ~ 0 . 287 

Re  - 1 .9620x10“ 


(c)  v = 0.14 


Figure  43.  Continued 


VeL.  - 328.6  fps 


(a)  v = 0.04 


Figure  44.  3-D  round  tip  pitch  oscillation  data;  BL-trip;  a - 15  ±4  deg. 


o 


' 2-1  y/Y  - 0.900 


a 


DataPolntlD:  RTP0T1.R0337 

o,  - 1 5 . 00  ± 4.17  Oeg. 

Freq.  - 9.94  cpa 

v - 0.095 

Vel.  - 327.2  Fps 

Mn  - 0.286 

Re  - 1 .9540*10’ 


(b)  v = 0.10 


Figure  44.  Continued. 


DatoPoLntlD:  RTP0T1.R0338 


o,  - 14 . 99 ± 4.28  Deg. 

Freq.  “ 13.98  cps 

v - 0.134 

Vet.  - 327.1  fps 

Mn  - 0.286 

Re  - 1.9490x10* 


(c)  v = 0.14 


Figure  44.  Continued ' 


DotoPoLntlDi  RTP0T1.R0340 

a - 1 7 . 04  ± 4.05  Deg. 
Freg.  “ 4.02  cps 
v - 0.038 
VeL.  - 329.7  fps 

Mn  - 0.288 
Re  - 1 .9700x10' 


(a)  v = 0.04 


Figure  45.  3-D  round  tip  pitch  oscillation  data;  BL-trip;  a = 17  ±4  deg. 


o 


1.0 


DataPolnt ID : RTP0T1.R0341 


a - 17.02±  4.15  Deg. 
Freq.  “ 10.03  cps 
v - 0.096 
Vel.  - 327.7  Fps 
fin  - 0.286 

Re  - 1.9530x10' 


(b)  v = 0.10 


Figure  45.  Continued. 


o 


DatoPolntlD:  RTP0T1.R0342 


0.6  -\ 1 r 1 i » 

12  M 16  IB  20  22 

Or 


0.-17 
Freq.  ' 
v - 0. 
VeL.  - 
Mn  - 0 
Re  “ 1 


.04±  4.28  Deg. 
- 14.03  cps 
134 

328.4  fps 
.287 

. 9520  h 10* 


(c)  v = 0.14 


Figure  45.  Continued. 


DataPoLntlD:  RTP0T1 -R0365 

o,  - 13.01  ± 5.19  Deg. 

Freq.  - 10.07  cps 

v - 0.095 

Vel.  - 532.4  fps 

Mn  “ 0 . 289 

Re  - 1 .9350x1  o’ 


(b)  v =0.10 


Figure  46.  Continued. 


DataPolnt ID ; RTP0T1.R0362 

a ~ 1 6 . 93  ± 5.07  Deg. 

Freq.  “ 4.01  cps 
u - 0.038 
Vel.  - 334.2  Fps 
fin  - 0.290 
Re  - 1 . 9460*  10' 

0.05 

0C  0.00 
-0.05 

1 1 13 


(a)  v = 0.04 


Figure  47.  3-D  round  tip  pitch  oscillation  data;  BL-trip;  a =17  ±5  deg. 


CJ 


1.2 


DataPoLnt ID i RTP0TI.R0361 


a - 16.91  ± 5.18  Deg. 

Freq.  * 10.03  cpe 

v - 0.095 

Vel.  - 332.3  fps 

Mn  - 0.209 

Re  - 1.9430*10* 


(b)  v = 0.10 


Figure  47.  Continued. 


15 


o 


0.6 


DatoPoLnt ID : 5TP0T1.R0310 


0.00 


a,  - 8 . 95  ± 2.01  Deg. 

Freq.  " 3.99  cps 

v - 0.038 

Vet . - 333 .8  f pe 

Mn  - 0.290 

Re  - 1. 9330x10* 


(a)  v = 0.04 


Figure  49.  3-D  square  tip  pitch  oscillation  data;  BL-trip;  a=9±2  deg. 


DataPolntlD:  STP0T1.RQ311 

a - 8 . 94  ± 2.06  Deg. 

FVeq.  - 10.00  cps 

v “ 0.094 

Vel.  • 333.8  f ps 

Mn  - 0.289 

Re  - 1.9290x10' 


(b)  v =0.10 


Figure  49.  Continued. 


2i 


DataPoLn  1 1 D '•  STPQT1.R0312 

a - 8 . 93  ± 2.12  Deg. 

Freq.  " 14.01  cps 

v - 0.132 

Vel . - 334 .1  f ps 

Mn  - 0.290 

Re  - 1 . 9270*  10“ 


(c)  v = 0.14 


Figure  49.  Continued. 


2 


4— — r i ' 

6 8 10  12 

Oi 


OalaPoLntID:  STP0T1.RO313 

a - 8.91  ± 2.25  Deg. 
Freq.  - 20.04  cps 

v - 0.188 

VeU  - 334.4  fpa 
Mn  - 0 . 290 
Re  - 1.9260h  10' 


(d)  v = 0.20 


Figure  49.  Continued. 


2 


o.H j 1 * 

8 10  12  H 

Oc 


0.8  n 


cJ  0‘H 


0.1 

6 


DataPoLnt ID : STP0T1.R0305 

a - 10.87±  2.01  Deg. 

Freq.  - 4.00  cps 

v - 0.038 

Vel.  - 334.0  fps 

Mn  - 0.290 

R©  - 1 .9440*10" 


0.05  4 


O.lOn 


CJ  0.05-j 


0.00 


0 


(a)  v = 0.04 


Figure  50.  3-D  square  tip  pitch  oscillation  data;  BL-trip;  a =11  ±2  deg. 


o 


DataPoLntIDi  5TP0T1.R0306 


a - 10. 86±  2.06  Deg. 

Freq.  “ 9.98  cps 

y - 0.094 

VeL.  - 333.2  fps 

Mn  - 0.289 

Re  - 1 . 9260x10* 


(b)  v = 0.10 


Figure  50.  Continued. 


2 


DataPoLntID:  5TP0T1 .R0307 


a - 

10 . 85± 

2. 

, 1 1 Deg 

Freq 

. - 14. 

01 

cps 

V - 

0.132 

Vel. 

- 333. 

8 

f ps 

Mn  - 

0.289 

Re  - 

1 .926CM0‘ 

(c)  v = 0.14 


Figure  50.  Continued. 


2 


DataPolntlD:  STP0TI.R0308 


ot  - 10.82±  2.25  Dog. 
Freq.  “ 20.03  cps 
v - 0.188 

Vel . ~ 334 .2  fps 
Mn  - 0.290 
Re  - 1.9280«10' 


(d)  v = 0.20 


Figure  50.  Continued. 


DataPolnt ID s STP0TI.R0316 


o,  - 12- 86 ± 2.07  Deg. 
Freq.  - 10.01  cps 
v - 0.095 
Vel-  - 332.7  fps 

Mn  - 0.288 

Re  - 1 .9190x10* 


(b)  v = 0.10 


Figure  51.  Continued. 


DataPolnt ID:  STP0T1 .R0317 


(c)  v = 0.14 


2.85±  2.13  Deg. 
- H . 0 1 cps 
. 133 

- 332.2  fps 
0.288 
1 .9140x10" 


Figure  51.  Continued 


DataPolntlD:  STP0T1 .R0318 


a - 1 2 . 83  ± 2.26  Deg. 

Freq.  “ 20.04  cps 

v - 0.190 

Vel . - 332.0  f ps 

tin  - 0.288 

Re  - 1.9120*10* 


(d)  v = 0.20 


Figure  51.  Continued. 


V - 0.038 


Vet.  - 334.8  fps 


(a)  v = 0.04 


Figure  52.  3-D  square  tip  pitch  oscillation  data;  BL-trip;  a = 4±4  deg. 


DataPolnt ID : STP0T1.R0294 

a - 3 . 98  ± 4.14  Deg . 

freq.  - 10.00  cps 

v - 0.094 

Vet.  - 335.0  fps 

tin  - 0.291 

Re  - 1 . 9590*10* 


(b)  v =0.10 


Figure  52.  Continued. 


o 


Vel.  - 335.5  fps 
Mn  - 0.292 


-1  1 3 5 7 9 


O 

(c)  v = 0.14 


Figure  52.  Continued. 


o 


DaloPoLntlD:  STP0T1.R0297 


a. os 


a - 8.92±  4.05  Dog. 
Froq.  - 3.99  cps 

v - 0.038 
Vet.  - 333.0  fps 
Mn  - 0.290 
Re  - 1.9470x10' 


(a)  v = 0.04 


Figure  53.  3-D  square  tip  pitch  oscillation  data;  BL-trip;  a = 9 ±4  deg. 


0.2  H 1 T 1 1 1 

4 6 0 10  12  14 

a 


DataPolntlDi  STP0T1 .R0298 

a - 8 . 89±  4.15  Deg. 

Freq.  “ 10.01  cps 

y - 0.094 

Vel.  - 333.7  Fps 

Mn  - 0.290 

Re  - 1 ,9450xl06 


(b)v  =0.10 


Figure  53.  Continued. 


o 


0.6 


DataPolntlD:  STP0T1.R0299 


0.2  -\ 1 1 1 1 1 

4 6 8 10  12  H 

a 


a - 8 . 88  ± 4.26  Deg. 

Freq.  “ 14.00  cps 

v - 0.132 

Vel.  - 333.4  fps 

Mn  - 0.290 

Re  - 1 .9400*10* 


(c)  v = 0.14 


Figure  53.  Continued 


OataPolnt ID : STP0T1.R0302 

o,  - 1 0 . 87 ± 4.15  Deg. 
Freq.  - 10.00  cps 

u - 0.094 

VeL . - 333.3  fps 

Mn  - 0.289 

Re  - 1.9350x10’ 


(b)  V = 0.10 


Figure  54.  Continued. 


(c)  v =0.14 


DataPolnt ID : STP0T1.R03O3 

& - 10.85±  4.25  Deg. 

Freq.  * 13.98  cps 

V - 0.131 

Vel.  = 334.3  Fps 

Mn  - 0.290 

Re  - 1 . 9390  x 1 0B 


Figure  54.  Continued. 


2* 


Of 


DataPolnt ID : 2DP0TN.R0629 
o " 4 . 00  ± 2.07  Deg. 

Freq.  - 10.02  cps 

v - 0.095 
VeU  - 329.8  fps 
Mn  - 0.289 
Re  - 1 . 9770*  106 


(b)  v = 0.10 


Figure  56.  Continued 


DataPolnt ID:  2DP0TN.RO630 


Oi 


<x  - 3.98±  2.15  Deg . 

Freq.  - 14 . 04  cps 

v - 0.134 

Vel . - 329.9  fpe 

Mn  - 0.289 

Re  - 1 . 9750  x 10s 


(c)  v = 0.14 


Figure  56.  Continued. 


0.2  H 


DaiaPotni I D : 2DP0TN . R063 1 

a - 3 . 99±  2.31  Deg. 

Freq.  - 20.05  cps 

v - 0.190 

Vel.  - 330.7  fps 

Mn  - 0.289 

Re  - 1 . 9760  x10s 


(d)  v = 0.20 


Figure  56.  Concluded. 


C ) 


DataPoLntID:  2DP0TN.R0634 


(b)  v = 0.10 


.99±  2.08  Deg. 

- 10.02  cps 

.096 

- 329.5  f ps 

0.289 

1.9710x10' 


Figure  57.  Continued. 


DataPolntlD:  2DP0TN.R0635 

a - 9.01  ± 2. 14  Deg. 

Freq.  - H.03  cps 

v - 0.133 

VeL.  - 330.2  fps 

Mn  - 0.289 

Rs  - 1 . 9710*10* 


(c)  v = 0.14 


Figure  57.  Continued. 


DataPolnt ID : 2DP0TN.R0636 


a - 9.00±  2.31  Deg. 

Freq.  ~ 20.03  cps 

v - 0.190 

Vel.  - 330. 8 fps 

Mn  - 0.289 

Re  - 1 . 9740x10* 


(d)  v = 0.20 


Figure  57.  Concluded . 
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DataPoLntlD:  2DP0TN . R0639 

a - 1 0 . 92 ± 2.08  Deg. 

Fr©q . - 10.00  cps 

y « 0.094 

Vet.  * 332.9  fps 

Mn  - 0.290 

Re  - 1 . 9530 *10B 


(b)  v =0.10 


Figure  58.  Continued 


10 


Or 


( - O.B< 


0.8  H t 1 1 
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DaiaPoLntID:  2DP0TN.R0640 

a - 10- 92 ± 2.16  Deg. 

FVeq.  ~ 14.02  cps 

v - 0.132 

Vel.  - 333.2  fps 

Mr.  - 0.290 

Re  - 1 .9540x10" 


(c)  v = 0.14 


Figure  58.  Continued. 
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DataPolnt ID : 2DP0TN.R0641 


0.8 


8 


To" 


Ot 


n 
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a * 10.94±  2.31  Deg. 

Freq.  “ 20.03  cps 

v - 0. 189 

Vel.  - 333.2  fps 

Mn  - 0.290 

Re  - 1.9520x10“ 


(d)  v = 0.20 


Figure  58.  Concluded. 


DatarountlD:  2DP0TN.RQ644 
a * 13. 02±  2.06  Deg. 

Preq.  - 10.01  cps 

v - 0.095 

VeL . - 332 .0  fps 

Mn  - 0.289 

Re  - 1.9500x10" 


(b)  v =0.10 


Figure  59.  Continued. 


o 


DataPoLntID:  2DPOTN.R0645 


(c)  v = 0.14 


.02±  2 .14  Oeg. 
■ 14.02  cpe 
132 

332 .6  fps 
.290 

.9520x10' 


Figure  59.  Continued. 


OataPolntlD:  2DP0TN.R0G46 

a - 13.03±  2.30  Deg. 

Freq,  - 20.03  cps 

v - 0.  189 

Vel . - 333.2  f ps 

Mn  - 0.290 

Re  - 1 . 9540*10* 


(d)  v = 0.20 


Figure  59.  Concluded. 


DataPoLntID:  2DP0TN.R0649 
a - 15.05±  2.03  Deg. 

Freq.  - 10.01  cps 

v - 0.095 

VeL . ~ 332.7  fps 

Mn  - 0.290 

Re  - 1.9530x10' 


0.6  H 1 1 1 

12  14  16  18 

Cx 


(b)  v = 0.10 


Figure  60.  Continued. 


DataPolntlD:  2DP0TN.R0650 

a - 15.05±  2.11  Dog. 

Freq.  - 14.02  cps 

v - 0.132 

VeL.  - 333.2  fps 

Mn  - 0.290 

Re  - 1.9530*10' 


NOTE: 

Y-ScaLe  Reduced  by  20X 


(c)  v = 0.14 


Figure  60.  Continued. 


DaioPolntlDi  2DP0TN.R0651 
a “ 15.05±  2-28  Deg. 

Freq.  - 20.02  cps 
» - 0.189 
Vet.  - 333.5  f ps 
Mr,  - 0.290 
Re  - 1.9520x10' 


NOTE: 

Y-Scale  Reduced  by  20% 


(d)  v = 0.20 


Figure  60.  Concluded. 


1M1  y/Y  - 0.947 


DataPolntlO:  2DP0TN.R0654 

a “ 17.06±  2.05  Deg. 

Freq.  - 10.01  cps 

17  - 0.095 

Vel.  - 331.2  fps 

Mn  - 0.288 

Re  - 1.9390x10® 


(b)v  =0.10 


Figure  61.  Continued. 


Vel.  - 331.3  fps 


tin  - 0.288 


o< 


(d)  v = 0.20 


Figure  61.  Concluded. 


DataPolntlDi  2DP0TN.R0659 


-0.4-1 t 1 1 1 1 

4 -2  0 2 4 6 

a 


a 


(b)  v =0.10 


a - 0.88±  4.20  Deg. 

Freq.  - 9.99  cp3 

v - 0.095 

Vel . - 331.0  fps 

Mn  - 0.290 

Re  - 1.9860x10" 


Figure  62.  Continued. 
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DolaPolnt ID : 2DP0TN . R0660 

a - 0 . 88 i 4.34  Deg. 

Preq.  - 14.05  cps 

v - 0.133 

Vel.  - 332.1  fpe 

fin  - 0.291 

Re  - 1.9900x10* 


(c)  v = 0.14 


Figure  62.  Concluded. 


OatoPoLnt ID : 2DP0TN.R0664 

& - 4.02±  4.31  Deg. 

Freq.  - 14.06  cps 

v - 0.133 

VqL  . - 332.5  fps 

Mn  - 0.291 

Re  - 1.9790x10* 


(c)  v = 0.14 


Figure  63.  Concluded. 


DataPolntlD:  2DP0TN.R0666 

a “ 8.93±  4.02  Deg. 

Freq.  “ 3.99  cps 

jj  - 0.038 

Vel . - 329 .9  f ps 

Mn  - 0.288 

Re  - 1 .9610x10" 


0.05-1 
oE  0.00- 

-0.05 -- 
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0.05-1 


-0.05  -j 1 T 

4 6 0 1 

(X 


(a)v=0.04 


Figure  64.  2-D  pitch  oscillation  data;  no  BL-trip;  a - 9 ±4  deg. 
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DataPolntlD:  2DPGTN.R0667 

c*  - 8 . 92  ± 4.17  Deg . 

Preq.  - 10.02  ops 

y - 0.095 

Vel . - 330.9  fps 

fin  - 0.289 

Re  - 1.9600*10* 


(b)v  = 0.10 


Figure  64.  Continued 
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DotoPoL  n i I D : 2DP0TN . R0668 


(c)  v = 0.14 


ot  - 8. 91  ± 4.32  0©g. 

Freq.  “ 13.99  cps 

v - 0.132 

VeL.  - 332.0  fps 

Mr.  - 0.290 

Re  - 1 . 9610x10s 


Figure  64.  Concluded 


DataPolntlD:  2DP0TN.R0671 

o - 10.94±  4.18  Deg. 

Freq.  - 10.03  cps 

v - 0.095 

VeL.  - 331.7  Fps 

Mn  - 0.289 

Re  - 1.9490*10* 


(b)  v =0.10 


Figure  65.  Continued 
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DalaPoLntID:  2DP0TN.R0672 


a - 10.93±  4.32  Deg. 
F req . - 14.00  cps 

v - 0.132 
Vel.  - 332.4  fps 
Mr.  - 0.289 
Re  - 1 . 9400x10" 


(c)  V = 0.14 


Figure  65.  Concluded. 
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DataPolntlD:  20P0TN.R0674 


-0.05 


a - 12.96±  4.04  Deg. 

Freq.  ■ 4.01  cps 

v - 0.038 

Vel . - 333.3  f ps 

Mn  - 0.290 

Re  - 1 .9530«1  O' 


(a)  v = 0.04 


Figure  66.  2-D  pitch  oscillation  data;  no  BL-trip ; a 
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(b)  v = 0.10 


QataPolnt ID ; 2DP0TN.R0675 

a - 12. 94 ± 4.20  Deg. 
Preq.  - 10.05  cps 

v - 0.095 
Vel.  - 333.1  fps 
Mn  - 0.290 
Re  - 1 . 9460x10* 


Figure  66.  Continued. 


DataPolntlD:  2DP0TN.R0676 

o - 1 2 . 93 ± 4.34  Deg. 

freq.  ■ 14.03  cps 

v - 0.132 

VeL . - 334.8  fps 

Mn  - 0.291 

Re  - 1.9490x10’ 


(c)  v = 0.14 


Figure  66.  Concluded ' 


DataPolntlD:  2DP0TN.R0678 

a - 15 . 04±  4.06  Deg. 

Freq.  “ 4.02  cps 

v - 0.038 

Vel.  - 333.0  fps 

Mn  - 0.290 

Re  - 1 . 9460x10* 


-0.10- 
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0.05-1 

0.00- 
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-0.05- 


-0.10-f- 

10 


(a)  v =0.04 


Figure  67.  2-D  pitch  oscillation  data;  no  BL-trip;  a = 15  ±4  deg. 
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DdtaPolnt IDi  2DPOTN.R0680 

a - 15.02±  4.31  Deg. 

Freq.  - 14.04  cps 

v - 0.132 

Vel.  - 333.3  Fps 

Mn  - 0.290 

Re  - 1.9410*10' 


NOTE: 

Y_Scate  Reduced  by  207 


(c)  v = 0.14 


Figure  67.  Concluded. 
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DataPolntlD:  2DP0TN.R0683 


(b)  v = 0.10 


17 . 09±  4.17  Deg. 
. - 10.05  cps 
0.096 

- 330.4  fps 
0.288 
1 .9350x10* 


Figure  68.  Continued 
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DaiaPotntID:  2DP0TN.R0684 


a ” 17.08±  4.28  Oeg. 

Freq.  « 14.05  cps 

y - 0.133 

VeL . - 332 .2  Fps 

Mn  - 0.289 

Re  - 1 .9410x10' 


NOTEs 

Y~Scale  Reduced  by  20 X 


(c)  v = 0.14 


Figure  68.  Concluded. 
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11  13  15  17  19 
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(b)  v =0.10 


DataPolnt ID : 2DP0TN.R0687 

o.  “ 13.01  ± 5.22  Deg. 

Freq.  " 10.01  cps 

v - 0.095 

Vel . - 332.0  fps 

Mn  - 0.289 

Re  - 1 . 9420*10* 


Figure  69.  Concluded. 
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OataPolnt ID : 2DP0TN.R069Q 


a - 17 . 26±  5.17  Deg. 

Preq.  “ 10.04  cps 

v - 0.095 

Vet . - 331.9  Pps 

fin  - 0.289 

Re  - 1.9460x10' 


(b)  v = 0.10 


Figure  70.  Concluded. 
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The  next  figure  series  begins  on  page  304. 
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DataPolnt ID : RTP0TN.R0382 

a - 3.99±  2.00  Deg. 

Freq.  “ 4.01  cps 

v - 0.038 

Vel.  “ 328.5  fps 

Mr.  - 0.289 

Re  - 1 .9990*10' 


o.oo  4 


-0.05 


l 


0.05-, 


df  0.00  H 


0.05  {- 
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(a)  v = 0.04 


Figure  72.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a = 4±2 deg. 


(b)  v = 0.10 


DataPolntlD:  RTP0TN.R0383 

a - 3.9 7±  2.05  Dog. 

Freq.  - 10.02  cps 

v - 0.096 

Vet.  - 327.5  Fps 

Mn  - 0.288 

Re  - 1 .9840x10* 


Figure  72.  Continued. 
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Or 
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DatoPolntlD:  RTP0TN.R0364 

a - 3 . 95 ± 2.13  Deg. 

Freq.  “ 14.03  cps 

v - 0.134 

Vel.  - 329.5  Fps 

Mn  - 0.289 

Re  - 1.9910«10* 


(c)  v = 0.14 


Figure  72.  Continued. 
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(d)  v = 0.20 


DataPolntlD:  RTP0TN.R0385 

o - 3.93  ± 2.26  Deg. 
Freq.  - 20.08  cps 

v - 0.191 

Vel . - 329.7  Fps 

fin  - 0.289 

Re  - 1.9870x10' 


Figure  72.  Continued. 
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DataPolntlD:  RTP0TN.R0388 


_i p- 

8 10 
o 


“I 

12 


(b)  v =0.10 


a “ 8.95±  2.04  Deg. 

Freq.  - 10.00  cps 

p - 0.095 

Vel.  - 330.5  fps 

Mn  - 0.289 

Re  - 1.9790x10' 


Figure  73.  Continued. 
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DataPolntlD:  RTP0TN.R0389 


o.  - 8 . 93  ± 2.11  Deg. 

Freq.  - 14.06  cps 

v - 0.134 

VeL . - 330.5  f ps 

Mn  - 0.289 

Re  - 1.9760x10' 


(c)  v = 0.14 


Figure  73.  Continued 


(d)  v = 0.20 


Figure  73.  Continued. 


DataPolntlD:  RTP0TN.R0392 


o,  - 1 1 .00±  1 .99  Deg. 

Freq.  - 4.00  cp3 

v - 0.038 

Vel.  - 330.9  fps 

Mn  “ 0 . 289 

Re  - 1 .9800*10° 


(a)  v = 0.04 


Figure  74.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a - 11  ±2  deg 


DataPolntlD:  RTP0TN.R0446 

a - 1 0 . 97  ± 1.99  Deg. 

Freq.  ~ 4.00  cps 

v - 0.038 

VgL  . - 329.9  Fps 

Mn  ~ 0 . 287 

Re  - 1 .9500x10" 


(a.1)  v = 0.04 ; repeat 


Figure  74.  Continued. 


DataPoi-nt ID : RTP0TN.R0393 


o.  - 1 0 . 99  ± 2.04  Deg. 
Freq.  - 10.01  cps 

v - 0.095 
Vel.  - 331.2  Fps 
fin  - 0.290 
Re  - 1.9760x10' 


(b)  v =0.10 


Figure  74.  Continued 


fin  - 0.288 
Re  - 1. 9510x10' 


CK 


(b.1)  v = 0.10;  repeat 


Figure  74.  Continued. 


DataPoLntID:  RTP0TN.RQ394 

o,  - 1 0 . 98 ± 2.10  Deg. 

Freq.  “ 14.02  cps 

v - 0.133 

Vet.  - 331.5  fps 

tin  * 0.290 

Re  - 1. 9730*10“ 


— r 1 

12  14 


(c)  v = 0.14 


Figure  74.  Continued 


OataPolntlD:  RTP0TN.R0448 


a - 1 0 . 95  ± 2.11  Deg. 

Freq.  - 13.99  cps 

v - 0.133 

Vol . - 330 .5  f ps 

Mn  " 0 . 288 

Re  - 1.9470x10’ 


(c.1)  v =0.14;  repeat 


Figure  74.  Continued. 


DaLaPolnt I D : RTP0TN.R0395 


a - 10. 95±  2.23  Deg. 

Freq.  “ 20.08  cps 

v - 0.190 

Vet.  - 332.1  fps 

Mn  - 0.290 

Re  - 1.9740x10“ 


(d)  v = 0.20 


Figure  74.  Continued . 


OataPolnt IQ : RTPOTN.R0397 


o - 1 2 . 97 ± 2.00  Deg. 
Frsq.  - 3.99  cps 
v - 0.038 
Vel . - 329.7  fps 
Mn  - 0.288 

Re  - 1 . 9630x10* 


(a)  v =0.04 


Figure  75.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a-  13 ±2  deg 
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l*°l  y/Y  - 0.900 


OataPoLntID:  RTP0TN.R0398 

a - 1 2 . 96 ± 2.05  Deg. 

FVeq.  - 10. 01  cps 

v - 0.095 

VeL . - 330.2  fps 

Mn  “ 0 . 288 

Re  - 1.9600x10" 
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(b)v  =0.10 


i r 

12  M 


Ot 


16 


Figure  75.  Continued. 
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DotoPolntlD:  RTP0TN.R0399 


a - 1 2 . 95 ± 2.10  Deg. 

Freq.  - 14.06  cps 

v - 0.133 

Vet.  - 331.7  fps 

Mn  - 0.289 

Re  - 1. 9640*10* 


(c)  v = 0.14 


Figure  75.  Continued. 
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y/Y  - 0.900 


DataPolntlD:  RTP0TN.R0402  0.05- 

a - 15.03±  2.00  Deg. 


FVeq.  - 4.02  cps 

v - 0.038 

Vel . - 332.2  f ps 

Mn  - 0.290 

Re  - 1.9670x10* 
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(a)  v =0.04 


Figure  76.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a=  15  ±2  deg 


DataPolnt  ID:  RTP0TN.R0403 

a - 15.03±  2.04  Oeg. 

Freq.  “ 10.01  cps 

v - 0.095 

Vet . - 332.4  fps 

Mn  - 0.290 

Re  - 1 . 9630*10* 
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(b)  v =0.10 


Figure  76.  Continued. 
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DalaPoLntlD;  RTP0TN.R0404 

o,  - 15 . 02±  2.09  Deg. 

Freq.  • 14.04  cps 

v - 0.133 

VeL.  - 332.4  Fps 

Mn  - 0.290 

Re  - 1 .9600x10' 


(c)  v = 0.14 


Figure  76.  Continued. 


OataPolnt ID:  RTP0TN.R0405 

o>  - 15 . 00±  2.23  Oeg . 
Freq . - 20.13  cps 
v - 0.190 


(d)  v = 0.20 


Figure  76.  Continued . 


DataPoLni I D : RTP0TN.R0407 

a * 17 . 05 ± 1.99  Deg. 
Freq.  - 4.00  cps 
v - 0.038 


(a)v=0.04 


Figure  77.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a = 17  ±2  deg. 
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DataPolnt ID i RTP0TN.RO4O8 


a “ 

17.05± 

2. 

03  Deg 

Freq 

. - 10. 
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0.095 

Vet. 

- 331. 
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Mn  - 
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1 . 9540x10* 
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(b)  v = 0.10 


Figure  77.  Continued. 
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'•2i  y/r  - 0.900 


DotoPolntlD:  RTP0TN.R0409 

a - 17 . 04  ± 2.09  Oeg. 

Freq.  * 14.04  cps 

v - 0.133 

V0L . - 331.8  fps 

Mn  - 0.289 

Re  - 1.9520x10* 
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16  10  20 

Oc 


(c)  v = 0.14 


Figure  77.  Continued. 
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DaiaPotni ID : RTP0TN.R0410 


o,  - 1 7 . 02 ± 2.21  Deg. 

Preq.  " 20.13  cps 

v - 0.191 

Vel . - 331.6  fps 

Mn  - 0.289 

Re  - 1.9500x10' 


(d)  v = 0.20 


Figure  77.  Continued. 
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DataPolntlD:  RTP0TN.R0412 

a - 0.98±  4.06  Deg. 

Freq.  “ 3.97  cps 

v - 0.038 

Vet . - 331.6  fps 

Mn  - 0.289 

Re  - 1 . 9560x10* 


0.00 
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0E  o.oo- 
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(a)  v =0.04 


Figure  78.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a = 1 ±4  deg. 
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DataPoLntID:  RTP0TN.R0413 


a - 0 . 95  ± 4 . 15  Deg. 

Freq.  " 9.99  cps 

v - 0.095 

VeL . - 331.2  f ps 

Mn  - 0.289 

Re  - 1.9500x10* 


(b)  v = 0.10 


Figure  78.  Continued. 
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DataPolntlD:  RTP0TN.R0414 

ot  - 0 . 94 ± 4.25  Deg. 
Preq.  - 14.04  cps 
v - 0.133 
Vel . - 331.0  f ps 
fin  - 0.288 

Re  - 1.9460x10' 


(c)  v = 0.14 


Figure  78.  Continued. 
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DataPolntlD:  RTP0TN.R0416 

o.  - 3.9 7±  4.02  Deg. 

Preq.  - 3.95  cps 

v - 0.037 

VeL . - 331.9  fps 

Mn  - 0.289 

Re  - 1.9590x10' 


0.05 -j 

oe  0.00- 
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(a)  v = 0.04 


Figure  79.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a = 4±4  deg. 
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DataPolntlD:  RTP0TN.R0417 


a - 3 . 96  ± 4.12  Deg. 

Freq.  * 10.00  cps 

y - 0.095 

V©1 . - 332.2  fps 

Mn  - 0.289 

Re  - 1 .9560*10' 


(b)v  -0.10 


Figure  79.  Continued 
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DataPolntlD:  RTP0TN.R0418 

a - 3.94  ± 4.22  Deg. 

Freq.  - 14.03  cps 

v - 0.133 

Vel.  - 331.9  fps 

tin  - 0.289 

Re  - 1.9530**  10* 


(c)  v = 0.14 


Figure  79.  Continued. 
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c* 


Vel . - 331.5  fps 
Mn  - 0.289 


0( 


(a)  v = 0.04 

Figure  80.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a = 9±  4 deg 


DataPolnt ID:  RTP0TN.R0442 

o<  - 8.94±  4.02  Deg. 

Freq.  - 4.00  cps 

v - 0.038 

Vel . - 328.6  fps 

Mn  - 0.287 

Re  - 1.9490x10' 


(a.1)  v = 0.04;  repeat 


Figure  80.  Continued. 


QalaPolnt ID:  RTP0TN.R0421 

a - 8 . 95±  4.09  Deg. 

Freq.  “ 10.00  cps 

v - 0.095 

Vel.  - 332.1  fp8 

Mn  - 0.289 

Re  - 1 .9540x10' 


(b)  v = 0.10 


Figure  80,  Continued. 
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OatoPoLntlO:  RTP0TN.R0443 


o.H 


Q.2-\ 

4 


0. 8 ~i 


0.6  H 

O 

0.4 


0.2 


T 

6 


-l 1 1 I 

8 10  12  H 

Ot 


— i 

14 


a - 8 . 92 ± 4.16  Deg. 
Freq.  - 10.02  cps 
u - 0.095 
Vel . - 330.2  Fp8 

Mn  - 0.288 
Re  - 1 . 9530*10* 


(b.1)  v = 0.10;  repeat 


Figure  80.  Continued. 


Mn  - 0.289 


c* 


(c)  v = 0.14 


Figure  80.  Continued 


DatoPoLnt ID : RTP0TN.R0444 

a - 8.90±  4.27  Deg. 

Freq.  “ 14.01  cps 

v - 0.333 

VeL.  - 330.7  f ps 

Mn  - 0.288 

Re  - 1 . 9530x10* 


(c.1)  v = 0. 14;  repeat 


Figure  80.  Continued 


DalaPotnt ID : RTP0TN.R0425 

a - 10.96±  4.09  Deg. 

Freq.  " 10.02  cps 

y - 0.095 

Vel . - 331.4  fps 

Mn  - 0.289 

Re  - !.9470*106 


(b)  v =0.10 


Figure  81.  Continued 


DataPoLntID:  RTPOTN . R0426 

a - 10- 95 ± 4.25  Deg. 
Freq.  - 14.01  cps 
y - 0.133 
Vel.  - 331.2  F ps 
Mn  - 0.288 


6 8 10  12  14  16 


(c)  v = 0.14 


Figure  81.  Continued. 


OataPolntlD:  RTP0TN.R0429 


cx  - 12 . 98±  4.16  Deg. 

Freq.  - 10.03  cps 

v - 0.095 

Vel.  - 332.7  fps 

Mn  - 0.290 

Re  - 1.9530x10" 


(b)  v =0.10 


Figure  82.  Continued. 


39< 


DataPolntlD:  RTP0TN.R043C 

o.  - 1 2 . 95±  4.26  0©g. 

Preq.  " 14.03  cps 

v - 0.133 

Vel . - 332 .6  f ps 

Mn  - 0.289 

Re  - 1. 9470*10' 


(c)  v = 0.14 


Figure  82.  Continued. 


1.0 


DotciPolntlD:  RTP0TN.R0432 


-0.05 


— I — 
20 


16 


22 


a - 17. 12±  4.04  Deg. 

Freq.  - 3.99  cps 

u - 0.038 

Vel.  - 333.9  fps 

Mn  - 0.291 

Re  - 1.9580x10' 


o.loH r- 

12  H 


0.10- 

oe  0.05- 

0.00 -) 1- 

12  14 


(a)  v = 0.04 


Figure  83.  3-D  round  tip  pitch  oscillation  data;  no  BL-trip;  a=  17 ±4  deg. 
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DataPolntID:  RTP0TN.R0433 


0.84 


20 


a - 1 7 . 09  ± 4.12  Deg. 
Freq.  - 10.02  cps 

y - 0.095 
Vel.  - 331.7  Fps 
Mn  - 0.289 
Re  - 1.9410x10' 


(b)  v =0.10 


Figure  83.  Continued. 


DataPoi.nt.ID:  RTP0TN.R0434 


o,  - 1 7 . 05 ± 4.28  Oeg . 

Freq.  “ 14.02  cps 

v - 0.134 

VeL.  - 329.3  Fps 

Mn  - 0.286 

Re  - 1.9250x10* 


(c)  v = 0.14 


Figure  83.  Continued. 


DataPoLnt ID : RTP0TN.R0440 

a - 13.04±  5.20  Deg. 

Freq.  - 9.99  cps 

v - 0.095 

VeL . - 330.9  fps 

Mn  - 0.207 

Re  - 1 .9240*10’ 


(b)  v = 0.10 


Figure  84.  Continued. 
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DataPoLnt IDs  RTP0TN.R0437 

a - 17.09±  5.20  Deg. 
Preq.  - 9.98  cps 
v - 0.095 
Vel.  “ 329.3  fps 
Mn  - 0.286 

Re  - 1.9200*10* 


(b)  v =0.10 


Figure  85.  Continued. 
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DataPoLnt ID : STP0TN.R0451 


~~i — 

10 


“i 

12 


a - 8.96±  2.06  Deg. 

Freq.  • 9.99  cps 

v - 0.095 

VeL.  - 329.4  fpe 

fin  - 0.289 

Re  - 1 . 9880*1  O’ 


(b)  v -0.10 


Figure  87.  Continued. 


DataPolnt ID : STPQTN.RQ452 

a - 8 . 95 ± 2.13  Deg. 

Freq.  " 14.00  cp3 

v - 0.133 

Vel.  - 329.8  fps 

Mn  - 0.289 

Re  - 1 . 9880*10* 


(c)  v = 0.14 


Figure  87.  Continued 
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OalaPolntlD:  STP0TN.R0453 

a - 8.93±  2.25  Deg. 

Freq.  - 20.04  cps 

v - 0.191 

VqL.  - 329.8  Fps 

Mn  - 0.289 

Re  - 1 . 9860k  10° 


(d)  v = 0.20 


Figure  87.  Continued. 
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DataPolntlD:  STPOTN.R0455 

a - 1 0 . 96  ± 2.00  Deg. 

Freq.  ~ 4.01  cps 

v - 0.038 

Vet.  - 329.8  fps 

Mn  - 0.289 

Re  - 1.9880m  10* 


0.05 


0.00-f 

8 3 


0.10-t 


oe  o.osJ 


D.0D-| 

8 1 


(a)  v = 0.04 


Figure  88.  3-D  Square  tip  pitch  oscillation  data;  no  BL-trip ; a=  11  ±2  deg. 
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DataPoLntID:  5TP0TN.RCM56 

a - 1 0 . 95  ± 2.07  Deg. 

Freq.  “ 10.01  cps 

u - 0.095 

VqL  . - 329.6  fps 

fin  - 0.289 

Re  - 1 .9810*10* 


(b)  v =0.10 


Figure  88.  Continued 
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DataPolnt ID : STP0TN.R0457 


i 

14 


a - 10 . 95±  2.13  Deg. 

Freq.  ~ 14.02  cps 

v - 0.134 

Vel.  - 329.8  f ps 

fin  - 0.288 

Re  - 1.9770*10* 


(c)  v = 0.14 


Figure  88.  Continued. 


OataPoLnt ID : STP0TN.R0458 

a - 10 . 94±  2.24  Deg. 

Freq.  - 20.04  cps 

y - 0.190 

VeL . - 330.8  f ps 

Mn  - 0.289 

Re  - 1 .9790x10* 


(d)  v = 0.20 


Figure  88.  Continued. 
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435 
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"I r 

12  M 

c* 


DatoPoLnt ID:  STP0TN.R0461 

o<  - 12.93±  2.07  Deg. 

Fr©q.  - 9.99  cps 

v - 0.095 

Vel . - 331.0  fps 

Mn  - 0.288 

Re  - 1 .9580«106 


(b)v  =0.10 


Figure  89.  Continued. 


DaiaPolntlD:  STP0TN.R0462 


o - 12- 93 ± 2.12  Deg. 
Fr©q.  “ H .01  cps 

v - 0.133 

Vel  . - 330 .1  fps 

Mn  - 0.288 

Re  - 1 . 9490 kIO6 


(c)  v = 0.14 


Figure  89.  Continued. 


ft 


10]  y/Y  - 0.900 


ft 


DataPolnt I D : STPOTN . R0463 

a - 12.91  ± 2.24  Deg. 

Preq.  - 20.03  cpe 

v - 0.190 

Vel . - 330 .7  fps 

Mn  - 0.288 

Re  - 1. 9510x10* 


(d)  v = 0.20 


Figure  89.  Continued. 
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-0.2-j 1 ? 1 f 1 

-113  5 7 9 
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DataPolntlD:  STP0TN.R0465 


a “ 

4 . 00  ± 4. 

04  Oeg. 

Freq 

. - 4.01 

cps 

v ~ 

0.038 

Vel . 

- 329.8 

f ps 

Mn  - 

0.288 

Re  - 

1 .9560x10* 

O-05-i 


oe  0-009 


0.05 


0.00 


-0.05-1 r 

-I  1 


(a)  v = 0.04 


Figure  90.  3-D  square  tip  pitch  oscillation  data;  no  BL-trip;  a =4  ±4  deg. 


DotoPolntlD:  STP0TN.R0466 

a - 3 . 98±  4.25  Deg. 
Freq.  - 14.02  cps 

v - D. 133 
VeL.  - 330.0  P ps 
Mn  - 0.288 
Re  - 1.9510x10' 


(b)  v = 0.10 


Figure  90.  Continued. 


ft 


OatoPolntlD:  STP0TN.RCM67 

ft  - 3 . 98  ± 4.15  Deg . 

Freq.  - 10.01  cps 

y - 0.095 

Vel . - 329.6  fps 

Mn  - 0.287 

Re  - 1.9480*10* 


(c)v =0.14 


Figure  90.  Continued 


0.6  H 


DataPolnt ID : STP0TN.R0470 


0.4  H 


0.2 


T 1 1 1 

e 10  12  H 

d 


a - 8 . 97  ± 4.16  Deg. 

Freq.  - 9.98  cps 

y - 0.095 

VeL.  - 330.1  fps 

Mn  - 0.287 

Re  - 1. 9390k 10* 


(b)  v = 0.10 


Figure  91.  Continued 
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0.6 


OataPolntlD:  STP0TN.R0471 


Q.i- 

0.2-| 1 1 i 1 1 

i 6 0 10  12  14 
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(c)  v = 0.14 


a - 8.96±  4.26  Deg. 

Proq.  - 14.00  cps 

v - 0.133 

Vel . - 330 .1  fps 

Mn  - 0.287 

Re  - 1.9350x10* 


Figure  91.  Continued. 


Vel.  - 330.4  fps 
fin  - 0.287 


Or 


(a)  v = 0.04 

Figure  92.  3-D  square  tip  pitch  oscillation  data;  no  BL-trip;  a = 11  ±4  deg. 


CJ 


0.8 


DataPoLntlD:  STP0TN.R0474 


a - 10. 99±  4.17  Deg. 

Freq.  - 10.01  cps 

u - 0.095 
Vet.  - 330.7  fps 
Mn  - 0.287 
Re  - 1.9360xl06 


(b)  v =0.10 


Figure  92.  Continued 
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DatoPoLnt ID  s STP0TN.R0475 

a - 10- 97 ± 4.28  Deg. 

Freq . - 14.03  cps 

v - 0.133 

Vel.  - 330.6  fps 

Mn  - 0.287 

Re  - 1 .9300*106 


(c)  V = 0.14 


Figure  92.  Continued 


1 1 1 1 
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U01  y/Y  - 0.900 


DalaPolnt ID : RTP0TN.R0367 

a - 12.95±  1.98  Deg.  ^ 

Freq.  - 2.99  cps 

v - 0.028 

Vel.  - 330.5  fps 

Mn  - 0.289 

Re  - 1.9680*10' 


(a)  v = 0.028 


0.D5 


0.00 


0.10 


0.05 


0.00 


Figure  93.  Frequency  sweep;  no  BL-trip;  q = 117  psf. 


CJ 


DalaPoLntlD:  RTP0TN.R0368 


a " 12 . 95±  1.99  Deg. 

Freq.  “ 3.99  cps 

v - 0.038 

VeL.  - 329.7  fps 

Mn  - 0.287 

Re  - 1 .9520x10* 


(b)  v = 0.038 


Figure  93.  Continued. 
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'•°1  y/Y  - 0.900 


OataPolnl ID : RTP0TN.R037O 

a - 1 2 . 94  ± 1.99  Deg. 

Freq.  - 4.98  cps 

v - 0.047 

Vel  ■ - 329.2  f ps 

Mn  - 0.287 

Re  - 1 .9410*10b 


0.4 


10 


i r 

12  14 

a 


16 


(c)  v = 0.047 


Figure  93.  Continued. 


DotaPoLntlDi  RTP0TN.R0372 


a - 1 2 . 93  ± 1.99  Deg . 

Freq.  - 4.99  cps 

v - 0.047 

Vel.  - 333.0  fps 

Mn  - 0.290 

Re  - 1.9560*10" 


(c.1)v  = 0.047;  repeat 


Figure  93.  Continued. 
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DatoPolntlD:  RTP0TN.R0369 


» ~ 1 2 . 94 ± 2.00  Deg. 

Preq.  - 6.00  cps 

v - 0.057 

Vel.  - 329.5  fpe 

Mn  - 0.287 

Re  - 1. 9460«10‘ 


(d)  v = 0.057 


Figure  93.  Continued. 


l-°l  y/Y  - 0.900 


0.0-4 


0.6-1 


DataPolnt ID : RTP0TN.R0373 

a - 12.93±  2.00  Deg. 

Freq.  - 5.99  cps 

v - 0.057 

Vel.  - 332.3  fpa 

Mn  - 0.289 

Re  - 1 .9440x10* 


o.t  +- 
10 


12 


o< 


(d.1)  v = 0.057;  repeat 
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Figure  93.  Continued. 


o 


DataPolntlD:  RTP0TN.R0374 


c*  ■ 12. 93±  2.01  Deg. 
Preq.  “ 7,00  cps 
- 0.066 

VeL.  - 331.4  fps 

tin  - 0.288 

Re  - 1 . 9320*10* 


(e)  v = 0.066 


Figure  93.  Continued. 


DatoPolntlD:  RTP0TN.R0375 


'•0]  y/Y  - 0.900 


a “ 1 2 . 92±  2.01  Deg. 
F req . - 8.01  cps 

v - 0.076 

Vet.  - 331.3  f pa 

Mn  - 0.288 

Re  - 1 . 9300x1  O’ 


0.8  H 


10 


12 


(f)  v = 0.076 


Figure  93.  Continued 
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DatoPolnt ID : RTP0TN.R0377 


a - 13.01 ± 2.01  Deg. 

Preq.  - 2.99  cps 

v - 0.041 

VgL  . - 229.9  fps 

tin  - 0.204 

Re  - 1.4460x10’ 


o'  o.O! 


0.01 


0.  1( 


ejE  0.0‘ 


0.01 


(a)  v — 0.041 


Figure  94.  Frequency  sweep;  no  BL-trip;  q = 60  psf. 


DatoPolnt ID : RTP0TN.R0378 


o - 13.00±  2.01  Deg. 

Freq.  - 4.00  cps 

1/  - 0.055 

Vol . - 230.3  fps 

Mn  - 0.204 

Re  - 1.4420x10' 


(b)  v = 0.055 


Figure  94.  Continued 


DataPolnt ID : RTP0TN.R0379 

a - 13 . OOdt  2.02  Deg. 

Freq.  ” 5.02  cps 

y - 0.069 

VeL.  - 230.3  Fps 

Mn  - 0.204 

Re  - 1.4410x10' 


(c)v  =0.069 


Figure  94.  Continued. 


DotoPolntlD:  RTPOTN.RO30O 


(d)  v = 0.082 


a - 1 3 . 0Q±  2.02  Deg. 

Preq.  - 6.00  cpe 

v - 0.082 

VeL.  - 230.6  fps 

Mn  - 0.205 

Re  - 1.4420x10* 


Figure  94.  Continued. 
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>-°1  y/Y  - 0.900 
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(a)  v = 0.041 


OoioPoLntlDi  RTP0T1 .R0349 

oc  - 12 . 98±  2.04  Deg.  u 0.05 

Freq.  “ 3.01  cps 

v - 0.041  0-°° 

Vet.  - 232.7  fps 
Mr,  - 0.205 
Re  - 1 .4090*10' 

0.10 

o'  0.05  -j 
0.00 


Figure  95.  Frequency  sweep;  with  BL-trip;  q = 60  psf. 


1-°1  y/Y  - 0.900 


DalaPolntlD:  RTP0T1.R0350 

a - 12.98±  2.04  Deg. 

Freq.  - 3.49  cps 

v - 0.047 

VeL.  - 232.7  fps 

Mn  - 0.205 

Re  - 1.4080x10* 


(b)  v = 0.047 


Figure  95.  Continued. 
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(c)  v = 0.054 


DolaPotni ID:  RTP0T1.R0351 

ex  - 1 2 . 98 ± 2.05  Deg. 
Frog.  - 4.00  cps 
- 0.054 

Vel.  - 232.7  fps 
Mn  - 0.205 
Re  - 1.4060x10' 


Figure  95.  Continued. 
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DataPolnt ID : RTP0T1.R0352 

a - 1 2 . 97 ± 2.05  Deg. 

Freq.  - 5.00  cps 

v - 0.067 

Vel.  - 233.1  fps 

Mn  - 0.205 

Re  - 1 . 4060x10' 


(d)  v = 0.067 


Figure  95.  Continued. 


DataPoLnt ID:  RTP0T1.R0353 

a ~ 12.9 7±  2.05  Deg. 

Freq.  - 6.00  cps 

v - 0.081 

VeL.  - 233.2  fpe 

Mn  - 0.205 

Re  - 1 . 4040*10* 


(e)  v = 0.081 


Figure  95.  Continued. 
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DataPolnt ID : RTP0T1.R0354 

a - 12. 97 ± 2.06  Deg. 
Freq.  - 7,01  cps 
y - 0.094 
VeL.  - 234.2  fps 

Mn  - 0.206 

Re  - 1.4070x10“ 


(f)  v = 0.094 


Figure  95.  Continued 
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L Concluded 
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“l  1 3 5 7 9 11  13  15  17  19  21 
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0.1  - 
0.2- 
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-1  1 3 5 7 9 11  13  15  17  19  21 
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-11  3 S 7 9 11  13  15  17  19  21 


DalaPoLntlDs  2DGSTN.R0553 
a - 10. 14±  10.16  Deg. 


Freq 

. - 0.00 

cps 

v ™ 

0.000 

VoL. 

- 230.8 

f ps 

tin  - 

0.203 

Re  - 

1.3980*  10* 

-11  3 5 7 9 11  13  15  17  19  21 

a 


a 
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(d)  Repeat  no.  4 


Figure  98.  Concluded. 


OataPolnt ID : rtpotl.rl2l5 


Of 


'•21  y/Y  - 0.900 


a 


(b)  v = 0.098 


a - 15 . 19±  4.12  Deg. 

Freq.  - 5.05  cps 

p - 0.098 

Vel . - 162.4  fps 

fin  - 0.146 

Re  - 1.0560x10* 


Figure  99.  Continued. 


DaiaPoLni IDs  rtpotl.rl216 


(c)  V = 0.196 


. 18±  4.23  Deg. 
" 10.10  cps 

196 

162.3  fps 
.146 

.0540x10' 


Figure  99.  Continued. 


Relative  Static  Pressure  Difference 


□ Top  - 3 repeats 
+ Bottom  - 3 repeats 


(a)  Top  and  bottom  boundary  values 

Figure  101.  Static  pressure  survey;  3-D  configuration;  y = 0.075. 


524 


•□-+ 1 J 1 1 OK 


□ Top  - 3 repeats 
+ Bottom  - 3 repeats 


0.005 


0.000 


TEST  I D : rtsbv2.D092S 
PITCH  RNGLE  - -0.03 

Ereq.  - 0.00  cps  MocH  No.  - 0.290 

V - 0.000  Rr,  - 1.9980*  106 

& ■ 7 5±  0.00  Deg.  Rir  Speed  - 329.8  f ps 


Mean-CP  V5  X/C  FOR  DIFFERENTIRL  SPRN  STRTIONS 


Mean -CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(a)  a = 0.0  deg 

Figure  106.  Static  pressure  survey;  chordwise  pressure  distributions. 
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TEST ] D : rtsbv2.D0928 
PITCH  RNGLE  - 7.45 

Preq.  - 0.00  cps  Mach  No.  - 0.290 


Meon-CP  VS  X/C  FOR  DIFFERENTIAL  SPAN  STATIONS 


Mean-CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(b)  a = 7.5  deg 


Figure  106.  Continued. 


TESTID:rtsbv2. 00931 
PITCH  RNGLE  - 12.94 

FVeq.  - 0.00  cps  Moch  No.  - 0.290 

V - 0.000  Rn  - 1 .9980m 10* 

o • 7.45±  O.OOOeg.  flir  Speed  - 329.8  f ps 


Mean-CP  VS  X/C  FOR  DIFFERENTIRL  5PRN  STRT10N5 


Mean- CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(c)  a = 13.0  deg 


Figure  106.  Continued. 


TESTID:rtsbv2. 00934 
PITCH  RNGLE  - 14.99 

Freq.  - 0.00  cps  Mach  No.  - 0.290 

U - 0.000  Rn  - 1 ,9980k  10* 

o • 7.45±  O.OODeg.  RLr  Speed  - 329.8  f ps 


Mean-CP  VS  X/C  FOR  DIFFERENT  I RL  SPRN  STRT10NS 


Mean- CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(d)  a = 15.0  deg 


Figure  106.  Concluded. 


(a)  a - 15  ±4  deg.  v = 0.04 

Figure  107.  Stalled  surface  flow;  cycfe-to-cycle  variation  of  the  flow  patterns. 
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(b)  a = 15  ±4  deg.  v = 0.04;  repeat  cycle 


Figure  107.  Concluded. 
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TESTID:  dphpot.D1120 
PITCH  ANGLE  = 15.14  deg 
Freq.  = 2 cps 
v = 0.04 
a = 15  ±4  deg 


Mach  No.  = 0.146 
Rn  = 1.0257x106 
Air  Speed  = 164.8fps 


Mean-CP  VS  X/C  FOR  DIFFERENTIAL  SPAN  STATIONS 


Meon-CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(a)  aj  = 15. 14  deg 

Figure  108.  Stalled  surface  flow;  the  instantaneous  pressures  corresponding  to  patterns  of  figure  107(a). 
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Mach  No.  = 0.147 
Rn  = 1.0289  x 106 
Air  Speed  = 165.4  fps 


TESTID:  dphpot.D1121 
PITCH  ANGLE  = 16.69  deg 
Freq.  = 2 cps 
v = 0.04 
a = 1 5 ± 4 deg 

Mean-CP  VS  X/C  FOR  DIFFERENTIAL  SPAN  STATIONS 


Mean-CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(b)  aj  = 16.69  deg 


Figure  108.  Continued. 


TESTID:  dphpot.D1133 
PITCH  ANGLE  = 19.10  deg 
Freq.  = 2 cps 
v = 0.04 
a = 1 5 ± 4 deg 


Mach  No.  = 0.147 
Rn  = 1.0340  x 106 
Air  Speed  = 166.4  fps 


Meon-CP  VS  X/C  FOR  DIFFERENTIAL  SPAN  STATIONS 


Mean-CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(c)  a;  = 19. 10  deg 


Figure  108.  Continued 
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Mach  No.  = 0.146 
Rn  = 1.0274  x 106 
Air  Speed  = 165.3  fps 


TESTID:  dphpot.D1141 
PITCH  ANGLE  = 13.53  deg 
Freq.  = 2 cps 
v = 0.04 
a = 1 5 ± 4 deg 

fleon- CP  VS  X/C  FOR  DIFFERENTIAL  SPAN  STATIONS 


Mean -CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


(d)  a;  = 13.53  deg 


Figure  108.  Concluded. 
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Figure  109.  Stalled  surface  flow;  cycle-average  patterns;  a = 15  ±4  deg;  v = 0.04. 
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Figure  109.  Concluded. 
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Figure  110.  Stalled  surface  flow;  cycle-average  patterns;  a = 15  ±4  deg;  v = 0.20. 
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CXj  = 16.66°  4 


Figure  110.  Concluded. 
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Relative  Total  Pressure  Relative  Total  Pressure  Relative  Total  Pressure 
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APPENDIX 
Data  Base 

The  reduced  data  of  this  report,  their  cycle-averaged 
pressures,  and  the  data  base  of  raw  data  files  are  archived 
at  the  U.S.  Aeroflightdynamics  Directorate  at  NASA 
Ames  Research  Center.  Inquiries  about  accessing  these 
results  should  be  addressed  to  the  Directorate. 

Data  storage-  The  raw  data  acquired  for  each  data 
point  is  stored  in  binary  form  on  optical  disks.  Each  data 
point  file  has  a name  identifying  the  test  type  and  model 
configuration,  and  a name  extension  containing  the 
sequential  data  point  number  (data  point  naming  is 
defined  in  the  Basic  Data  Set  Description  section  of  this 
report).  The  raw  data  file  header  contains  the  data  point 
description  parameters,  the  data  acquisition  parameters, 
and  the  run  beginning  zeros  for  each  channel.  It  also  holds 
the  calibration  constants,  the  voltage  gain  calibrations, 
and  all  the  raw  data  samples  for  each  channel  for  all 
repeats.  Thus,  each  file  is  a low-level  record  of  the  data 
point  except  for  the  run  end  zeros.  These  were  recorded  as 
the  beginning  zeros  of  a dummy  data  point  (with  an  ID  of 
RTENDZ)  taken  at  the  end  of  the  run.  Each  data  point 
file,  together  with  the  end  run  zeros,  contains  all  the 
information  necessary  to  reduce  the  data  point  to  engi- 
neering units  at  any  desired  level  of  detail. 

Software-  The  interactive  data  reduction  software 
opens  the  binary  raw  data  file  (described  above)  for  the 
specified  data  point  in  the  data  base.  It  provides  the  user 
with  the  option  to  reduce  and  view  the  data  point  repeti- 
tively in  any  form  from  the  most  elementary  to  the  fully 
integrated  aerodynamic  coefficients. 

The  following  results  can  be  produced  for  any  indi- 
vidual pitch  oscillation  cycle  or  for  the  cycle-averaged 
results  plus  or  minus  a standard  deviation: 

1.  The  output  of  any  individual  pressure  transducer, 
including  the  test  section  static  and  dynamic  pressures, 
and  the  angle  of  attack  transducer. 

2.  The  chordwise  distribution  of  Cp  at  any  span 
station  for  any  instant  of  time  or  phase  angle  in  a pitch 
cycle. 

3.  The  section  aerodynamic  coefficients  versus  a at 
any  span  station. 

4.  The  spanwise  distribution  of  the  section  aerody- 
namic coefficients  at  any  instant  of  time  or  phase  angle  in 
a pitch  oscillation  cycle. 

5.  The  wing  aerodynamic  coefficients  versus  a at 
any  span  station. 

In  addition  to  these  graphical  presentations,  options 
exist  to  output  most  of  the  above  forms  as  numerical 
results  to  a file  for  desired  use,  e.g.,  as  input  to  post  pro- 
cessing or  plotting  software. 


Examples  of  data  detail-  Figures  A-l  through  A-8 
present  a graphic  example  of  the  kind  of  supporting  detail 
available  from  the  data  base  using  the  interactive  data 
reduction  software  and  are  useful  when  interpreting  the 
the  cycle-averaged  coefficient  results. 

The  coefficient  loops  (i.e.,  section  aerodynamic  coef- 
ficients versus  angle  of  attack  for  the  cycle-averaged  data) 
at  a span  station  of  0.475  of  data  point  RTPOT1.D0336 
are  presented  in  figure  A-l.  From  these  coefficient  loops 
it  is  possible  to  obtain  an  overall  view  of  all  the  surface 
pressures  for  this  span  station  plotted  over  the  cycle 
(fig.  A-2).  In  this  view,  any  point  (phase  angle)  in  the 
cycle  can  be  selected  via  screen  cross  hairs  for  plotting  the 
chordwise  pressure  distribution  (fig.  A-3)  for  this  span 
location,  or  for  all  span  locations  (fig.  A-4).  A statistical 
view  of  the  pressure  at  any  one  location  can  be  obtained 
(fig.  A-5).  Here,  the  center  curve  is  the  cycle  average,  and 
the  curves  on  either  side  of  it  are,  respectively,  the  cycle 
average  plus  and  minus  a standard  deviation.  The  upper 
and  lower  curves  are,  at  each  phase  angle,  the  maximum 
and  minimum  over  all  the  cycles.  The  information  in  this 
view  shows  how  stalled  flow  unsteadiness  varies  through- 
out the  cycle.  For  example,  clearly  the  stall  influence  at 
this  chord  location  becomes  significant  at  a phase  angle  of 
about  70  deg,  and  the  reattachment  of  the  flow  is  complete 
at  a phase  angle  of  about  310  deg.  Figure  A-6  illustrates 
another  view  of  the  repeatability  of  this  individual  pres- 
sure where  all  the  individual  cycles  are  concatenated.  The 
information  in  this  view  allows  selection  and  plotting  of 
any  individual  pressure  cycle  (e.g.,  cycle  repeats  numbers 
5 and  8,  fig.  A -7)  and  production  of  the  coefficient  loops 
for  these  individual  cycles  (fig.  A-8). 

Lift  Coefficient  from  Leading  Edge  Pressures 

The  procedure  developed  for  the  fit  and  interpolation 
of  the  leading  pressure  distributions  described  in  the  Data 
Reduction  section  implicitly  locates  the  stagnation  point. 
This  interpolation  procedure  suggests  a method  for  obtain- 
ing the  local  section  C\  from  leading  edge  pressure 
measurements. 

The  availability  of  the  functional  relationship 
between  the  stagnation  point  location  and  Cj  for  a given 
airfoil  section  (fig.  7)  makes  it  possible  to  evaluate  the 
magnitude  of  the  local  section  C\  on  any  wing  or  rotating 
wing  with  the  same  airfoil,  given  as  few  as  2 (the  mini- 
mum required  for  the  fit  procedure)  leading  edge  pressure 
measurements.  Note  that  while  two  measured  pressures 
are  the  minimum  required,  more  measurements  increase 
the  accuracy  of  the  leading  edge  pressure  fit  and  the 
determination  of  the  stagnation  point  location. 

The  procedure  is  as  follows:  Experimentally  calibrate 
the  airfoil  of  the  subject  wing  or  rotor.  Determine  the 
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functional  relationship  of  the  stagnation  point  location  to 
the  section  C\  (fig.  16)  from  a 2-D  test  of  the  airfoil  sec- 
tion using  the  fit  procedure.  Use  the  wing  or  rotor  leading 
edge  pressures  and  the  fit  procedure  to  determine  the 
stagnation  point  location.  The  stagnation  point  location  is 
then  used  to  determine  the  section  C[  from  the  airfoil 
calibration. 

The  accuracy  of  this  procedure  has  not  been  thor- 
oughly investigated.  However,  within  the  context  of  this 
data  set  at  the  wing  midspan  location  for  C|  <1.0,  the 
procedure  yields  results  within  4%  at  reduced  frequencies 
up  to  0.20.  For  1 .0  < Cj  < 1 .3  on  the  nonlinear  part  of  the 
lift  curve  attained  under  dynamic  pitch  operation,  the 


results  are  within  9%  when  using  linear  extrapolation  of 
the  airfoil  calibration. 

The  following  limitations  influencing  accuracy  need 
further  investigation: 

1.  The  procedure  should  only  be  valid  below  stall. 
However,  a stalled  airfoil  has  a bound  circulation 
reflected  in  the  stagnation  point  location. 

2.  The  procedure  may  not  be  valid  in  highly  3-D 
regions  of  a wing,  e.g.,  near  the  tip. 

3.  The  fit  procedure  is  based  on  the  assumption  of 
incompressible  flow. 


SPRN  STATION  - 0.475 

Freq.  - 3.99  cps 

u - 0.038 

a - 15.02±  4.06Deg. 


Mach  No.  - 0.287 

Rn  - 1 ,9659x10s 

Air  Speed  - 328.6  f ps 


Figure  A-1 . Data  view;  aerodynamic  coefficients  versus  a;  cycle  average. 
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SPAN  STATION  - 0.475  ABS, UPPER 
TEST  ID: rtpotl .D0336 

Freq.  - 3.99  cps  Mach  No 


y - 0.038 

a - 15. 02 ± 4.06Deg. 


Mach  No.  - 0.287 

Rn  - 1.9659x10 

Air  Speed  - 328.6  fp 


SPAN  STATION  = 0.475 ABS.LOWER 
TESTID:rtpot  1.  DO  3 36 

Freq.  = 3.99  cps  I 

, v - 0.038  I 

a - 15.02  ± 4.06Deg. 


Mach  No.  = 0.287 
Rn=  1.9659*10 
Air  Speed  = 328.6  fps 


Figure  A-2.  Data  view;  all  section  pressures  over  cycle. 


TEST ] D j r tpot 1 . D0336 

phrsf  rnglf  - 90.00 

Freq.  - 3.99  cps 

v - 0.038 

o - 15.02±  4.060eg. 


PITCH  RNGLF  - 17.93 

Mach  No.  - 0.287 

Rn  - 1 . 9659* 106 

RLr  Speed  ~ 328.6  fps 


Mean-CP  VS  X/C  FOR  DIFFERENTIAL  SPRN  5TRTI0NS 


Mean- CP  VS  X/C  FOR  ABSOLUTE  SPAN  STATIONS 


Figure  A-4.  Data  view;  all  chordwise  pressures;  any  phase  angle. 


SPRN  STRTION  = 0 . 475 RBS , UPPER 
CHORD  STRTION  = O.lOO 
TE5TID: rtpotl .00336 


CHRNNEL : R 1 8 


Figure  A-5.  Data  view;  individual  pressure;  statistical  view. 


SPAN  STATION  = 0 . 475 ABS , UPPER 
CHORD  STATION  = O.lOO 
TESTID: rtpotl .D0336 


Freq.  = 3.99  cps 

v - 0.038 

a = 15. 02 ± 4.06Deg. 


Mach  No.  - 0.287 

Rn  = 1.9659*10 

ALr  Speed  = 328.6  f ps 


Repeat  No. 


12  3 4 5 6 7 8 9 10  1112  13  14  15  16  17  18  19  20 


CHANNEL : A 18 


Figure  A-6.  Data  view;  individual  pressure;  all  cycles  concatenated. 
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SPAN  STATION  - 0 

Freq.  - 3.99 

v - 0.038 
o - 15.02±  4. 


.475 

cps 

06  Deg . 


Figure  A-8.  Data  view; 
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10.012.0  14.0  16.0  1 8.0  20.0 
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O 


floch  No.  • 0.287 

Rn  - 1.9659*10‘ 

Aur  Speed  - 328.6  f ps 

dynamic  coefficients  versus  a;  single  cycle. 
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